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AgSTKACT 


OtMilcal  rharac carl  tat  ton  and  antaal  toxicity  atudlas  on  five 
dasanaltlxad  prlaara,  four  waatauatara  freai  prlaar  production  and  one 
dasanaitlsatlon  *%lank**  ware  parfonaad. 

Nlgli  prasaura  liquid  chraaatograptoy  uaa  axtst  uaaful  In  charactar- 
Ixlng  Cha  organic  coapounda  praaant  la  tka  varloua  aanplaa.  Ilia  original 
organic  coaipouada  liora  praaant  In  trace  ^uantltlas  or  antlraly  absant  from 
daaansltliad  pure  tatraaana,  daaanaltlaad  pure  laad  styphnata,  daaanaicixad 
pura  trlnlcroraaorclnol . tatraaane  uaatOTtac  r,  prlaar  alxtura  FA  956  wasta* 
uatar,  laad  styplinaca  itaacaaatar  aaa  trl*' tracaaarclnoi  waatauatar.  Soaa 
Fcni  raaMlnad  in  tlio  daaaaolctaad  para  • and  cAa  dasanaltlxad  prlaar 
alxtura  FA  956.  Laad  uas  found,  as  a cad,  la  tlca  pmclplcatas  from  da* 

sansiclxad  laad  styplinata,  dasansttla*  pataac  alxtura  PA  956  and  chair 
iMatauacars.  tlallarly,  antlasay  uas  taund  la  cha  praclpltatax  froa  cha 
daaaaalctxad  prlaar  adatura  FA  956  aad  Its  uaatauacar. 

T ' 

Daaansttlxad  tatraxanr  was  a alld  Irritant  to  l(ia  skin,  but  not 
the  aya,  of  rabbits;  tba  otbar  saaplas  uara  nnalrrltatlng  thasa  casts. 
Oasanaltlxad  tatraxaaa  and  dasanaltlxad  prlaar  alxtura  FA  9^  wars  aodar* 
ataJy  toxic,  wltb  U>y)*s  batuaan  3 and  5 g sollds/kg  body  ualght  In  rats. 
Lot  3 of  totraxano  uastauatar  uas  ralc:lvely  toxic,  with  LOjq's  batuaan 
0.3  aad  O.t  g/kg  la  rata  and  alca.  This  toxicity  appears  to  ba  due  to 
tuo  cbaractarlxad  but  unldaaclflad  organic  coapounda.  The  ochar  sai^lax 
uara  neatoxic  la  thasa  aniaals. 

Iha  dasensltlxatlon  '%lank"  contained  no  Intarfarrlng  substances 
and  uas  nonirritating  to  rabbits  and  nontoxic  to  rats  or  idea. 

lacoanandatlons  for  continued  research  are  Included  In  this 

report. 
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I.  INTRODUCTION 


The  objective  of  this  project  is  to  characterize  and  determine 
the  acute  oral  toxicity  of  some  desensitized  primer  compounds  and  the 
wastewaters  generated  during  the  manufacture  of  primers.  Ihe  materials 
studied  are: 


Sample  No. 


Sample 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Desensitized  pure  tetrazene 
Desensitized  pure  lead  styphnate 
Desensitized  primer  mixture  FA  956 
Desensitized  pure  PETN 
Desensitized  pure  trinitroresorclnol 
Desens itlzatlon  blank 
Wastewater  from  tetrazene  production 
Wastewater  from  primer  mixture  FA  956 
production 

Wastewater  from  lead  styphnate  production 
Wastewater  from  trinitroresorclnol 
production 


When  received,  each  sample  was  characterized  by  relevant  physical 
data,  e.g..  Infrared  spectrum,  |41,  etc.  It  was  separated  chromatographically , 
and  the  components  characterized  as  much  as  practicable.  Skin  and  eye  irri- 
tation in  rabbits  and  acute  oral  LD^q's  in  rats  and  mice  were  determined  on 
the  mixtures  and/or  appropriate  fractions. 
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II.  CHARACTERIZATION  AND  TOXICITY  OF  PRIMER  SAMPLES 


The  characterization  and  toxicity  of  each  sample  are  reported 
separately  in  the  order  mentioned  above.  The  report  on  each  sample  is 
arranged  by  introduction,  desensitlzatlon  procedure  or  production  method, 
sample  concentration  procedure,  chemical  assays  and  "fingerprinting", 
acute  toxicity,  conclusions  and  recommendations. 


2 


A.  Densltized  Pure  Tetrazene 


1.  Introduction 


a. 

boiling  In  water. 


Sample  origin;  Pure  tetrazene  (I)  was  desensitized  by 
This  procedure  was  carried  out  by  the  Army. 


N N 

l<  II  NHo 

Nr  ' ^ 

''ir'  ^N“N-N-(J-NH. 

NH 

(I) 


H 


b.  Chemical  literature:  Tetrazene  (I)  is  an  explosive 

which  results  from  a complex  series  of  reactions  when  amlnoguanldlne  bi- 
carbonate in  dilute  sulfuric  acid  Is  treated  with  sodium  nitrite  and  Is 
possibly  the  most  Impact -sensitive  explosive  used  In  primers.—  The  com- 
pound is  stable  both  wet  and  dry  at  temperatures  less  than  75**C  but 
hydrolyzes  in  boiling  water  to  produce  1.5  to  2.0  moles  nitrogen  per  mole 
tatrasene  plus  anmonia,  guanidine  1-H-tetrazole  and  5-aminotetrazole.V 


N-w  I™ 

2 ||  ''^-N-N-N-C-NH2*H20  ^2^^ 

N-N  NH2 

H 


3N2  I + 2NH3 

/ ■^C-NH2  + C02(?) 

'n-n 

H “ 


The  decomposition  of  tetrazene  in  NaOH  produces  anmonia, 
cyanamide  and  the  sodium  salt  of  5-azidotetrazole, 


jj,  ' C-N-N-N-C-NH2’H20 


NH 

II 


NaOH 


N-N 

H 


I 

NH^ 


» NH  + 
3 


N '^C-N- 


Na 


+ H2N-C«I  + 2H2O 


while  in  dilute  acid,  tetrazene  yields  5-hydroxytetrazole.^' 


2/ 


N 

N''  \c-N^-N-C-NH,*Hy) 
W / I 2 2^ 

N-ir  NH2 


Nv 

n'  "^C-OH 
I 

N-N 

H 
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c.  Toxicological  lllerature:  No  data  on  acute  mammalian 

toxicity  could  be  found. 

7.  DcHoiiHitization  Procedure 

Tlie  following  procedure  was  used  by  the  Army  for  desensltizatlon 
of  the  tetrazene: 


a.  To  4 liters  of  water  was  added  298  g of  tetrazene. 

b.  Hie  contents  were  heated  to  80*  to  90®  for  4 hours  by 
injecting  steam  into  the  water. 

c.  Hie  final  volume  was  7.6  liters. 

d.  The  pH  of  the  product  was  5.8. 

3.  Sample  Concentration  for  Acute  Toxicity  Studies 

a.  Sample  description:  The  sample  was  a li^t  blue  liquid 

containing  no  precipitate  and  was  used  as  received.  Hie  pH  was  5.6. 

b.  Concentration:  Hie  approximate  concentration  of  dissolved 

solids  per  ml  was  determined  prior  to  concentration.  A 10-ml  aliquot  was  re- 
duced to  dryness  under  20  mm  Hg  vacuum  at  50®  to  60°.  The  concentration  of 
dissolved  solids  was  32  mg/ml,  as  received. 

The  concentration  of  dissolved  solids  was  adjusted  by  solvent 
removal  under  20  mm  Hg  vacuum  at  50°  to  60°.  After  concentration,  the  pH  was 
adjusted  to  7.4  by  addition  of  0.1  N NaOH.  On  addition  of  base,  the  light 
blue  solution  became  green  and  a small  amount  of  precipitate  was  noted. 

Hie  concentration  factor  was  4.0  and  the  final  concentration  of  dissolved 
solids  was  128  mg/ml. 

c.  Distillate  examination:  Hie  distillate  resulting  from 

sample  concentration  was  studied  by  gas  chromatography,  thin-layer  chromatog- 
raphy, and  ultraviolet  spectroscopy  for  the  presence  of  components  other  than 
water.  The  techniques  used  are  described  under  Section  4,  Chemical  Assays. 

No  other  components  were  detected  In  the  distillate. 

4.  Chemical  Assays  and  "Fingerprinting" 

a.  Acidity;  The  sample  as  received  required  0.055  meq  of 
sodium  hydroxide  per  ml  of  sample  for  neutralization. 

b.  Metal  content:  Hie  sample  as  received  contained  the 

following  concentrations  of  metals: 
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Metal 


7.  In  Solution 


AnCimony 

Barium 

Calcium 

Lead 

Magnesium 

Sodium 


< 0.0005 
0.0008 
0.0040 
0.0010 
0.0012 
0.0075 


Since  the  sample  concentration  factor  was  4.0,  the  solution  used 
for  animal  toxicity  studies  contained  four  times  the  above  concentrations 
of  metals. 


c.  Reducible  NO2  content:  The  concentration  of  reducible 

NO2  groups  was  determined  by  the  method  of  Sellg.—  This  procedure  will 
determine  the  presence  of  aliphatic  nitrates,  aliphatic  nitrites,  aromatic 
nltro  groups  and  Inorganic  nitrite  and  nitrate  Ions.  Although  a number  of 
functionalities  are  detected  simultaneously,  the  results  are  expressed  In 
terms  of  mg  NO2  for  comparison  purposes.  The  nonspeclflclty  of  the  assay 
can  be  considered  an  advantage,  since  when  combined  with  the  Inorganic  NO2 
and  NO3  assays,  the  covalently  bound  NO2  content  can  be  estimated. 

The  reducible  NO2  content  when  assayed  on  19  May  1974,  was 
0.81  mg/ml.  Forty-two  days  later  the  assay  Indicated  0.89  mg/ml. 

d.  Sulfate  content:  The  concentration  of  Ionic  sulfate  was 

determined  by  an  automated  methylthymol  blue  method  described  by  the  Environ- 
mental Protection  Agency.—^  The  sulfate  content  was  0.09  mg/ml  of  sample 

as  received,  or  0.36  mg/ml  In  the  sample  used  for  animal  toxicity  studies. 

e.  Inorganic  nitrate  and  nitrite  content;  The  Inorganic 
nitrate  and  nitrite  contents  were  determined  by  the  cadmium  reduction  method 
described  by  the  Environmental  Protection  Agency.—^  The  nitrate  content  of 
the  sample  as  received  was  0.0018  mg/ml.  The  nitrite  content  of  the  sample 
as  received  was  < 0.001  mg/ml. 

f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid  and  thin-layer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography:  The  sample  supernatants 

were  studied  using  the  following  conditions: 

Instrument:  Waters  Associates  301  equipped  with 

235  nm  UV  detector. 

Column:  Porasil  AX,  2 ft  x 1/8  In. 

Solvent:  1007.  CH3CN  programmed  to  607.  H2O  In  40 

minutes  using  linear  solvent  program 
No.  6 
5 


Flow  rate:  1 ml/min 

Peaks  were  observed  with  retention  times  of  1.6, 

2.76,  5.51,  23.6,  29.5,  31.5,  and  32.7  minutes.  Using  the  235  nm  detector, 
the  peaks  at  2.76  and  23.6  were  large  as  compared  to  the  other  peaks.  Tetra- 
zene  had  a retention  time  of  l.t  minutes.  Tetrazole  had  a retention  time  of 
2.76  minutes,  and  5-amlnotetrazo le  had  a retention  time  of  5.51  minutes.  The 
peaks  with  retention  times  of  23.6  to  32.7  minutes  eluted  In  111-shaped  bands 
suggesting  the  presence  of  unresolved  components. 

(2)  Gas  chromatography:  The  sample  was  studied  by  gas 

chromatography  as  described  below: 

Instrument:  Bendlx  2500  equipped  with  flame 

ionization  detector. 

Columns:  (a)  Glass,  6 ft  x 1/4  in.;  3%  OV-1  on 

Gas  Chrom  Q. 

(b)  Glass,  6 ft  X 1/4  in.;  1.5%  DC  LSX-3-0295; 
1.5%  GE  XE-60  on  Gas  Chrom  Q. 

Flow  rate:  30  cc  N2/min. 

Column  temperature:  Start  at  100°C  and  heat  at  5°/mln 

to  250 “C. 

In  lection  port:  200 ®C 

Detector  temperature:  200 °C 

Using  column  (a),  no  peaks  were  observed.  Using 
column  (b),  a single  broad  peak  was  observed  at  8 minutes  retention  time.  A 
reference  sample  of  1-H-tetrazole  had  a retention  time  of  7 minutes  on  column 
(b).  No  peak  was  observed  for  a reference  sample  of  5-amlnotetrazole  or 
tetrazene  on  either  column.  A chloroform  extract  of  the  sample  showed  no 
peaks  on  either  column. 

(3)  Thin-layer  chromatography:  The  sample  was  studied 

by  thin-layer  chromatography  as  described  below: 

Plate:  Brlnkmann  Silica  Gel  F. 

Solvent  system:  95%  ethanol/NH^OH  (4:1). 

Material  spotted:  30  pg  1-H-tetrazole  (acetone). 

1.5  pg  5-amlnotetrazole  (10%  HCl). 

100  pg  tetrazene  (107.  HCl). 

10  pi  concentrated  desensitized 
tetrazene. 

Detection:  UV  - 254  nm 

Nlnhydrln  spray. 

The  detection  limit  for  1-H-tetrazole  was  30  pg 
(R  0.62).  The  detection  limit  for  5-amlnotetrazole  was  1 pg  (Rf  0.0). 

Neither  this  solvent  system  nor  any  other  system  tried  gave  a satisfactory 
elution  pattern  for  tetrazene;  excessive  streaking  was  observed.  Ihe  sample 
showed  spots  at  Rf  0.0,  0.45,  0.48,  0.55,  and  0.62. 
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g.  Spectral  characterization:  The  sample  was  studied 

by  Infrared,  ultraviolet  and  visible  spectroscopy. 

(1)  Infrared  spectrum:  Reducing  an  aliquot  to  dryness 

gave  a residue  whose  IR  in  KBr  showed  absorptions  at  3300  (s),  2160  (s), 
1680  (s),  1475  (s),  1410  (m),  1350  (m),  1270  (w),  1240  (m),  1200  (w), 

1150  (m),  1170  (s),  and  1000  (m)  CM"^.  The  band  at  2160  cm"^  suggests  the 
presence  of  a nitrile  or  azide. 

(2)  Ultraviolet  spectrum;  In  water  no  peaks  were  ob- 
served in  the  range  350  to  230  nm. 

(3)  Visible  spectrum;  A broad  band  centered  at  about 

650  nm  was  observed. 

5.  Acute  Toxicity 

Animal  tests  were  performed  on  the  concentrated  desensitized 
tetrazene,  prepared  as  described  above.  This  material  contained  128  mg 
solids/ml. 


a.  Skin  and  eye  irritation!  The  primary  skin  and  eye  irrita- 
tions were  determined  by  the  Dralze  procedure—  using  six  New  Zealand  white 
rabbits.  Desensitized  tetrazene  was  scored  as  negative  in  the  eye  irritation 
test  and  0.25  in  the  skin  irritation  test.  This  skin  test  score  is  within 
the  "mild"  class  (0.2  to  2.5  score). 

b.  Oral  toxicity;  A single  oral  dose  of  5 g/kg  of  desensitized 
tetrazene  in  water  did  not  kill  any  of  three  male  albino  mice  (Charles  River 
CD-I  strain).  The  acute  oral  LD^q^  (method  of  FlnneyZ^  adapted  for  computer) 
in  male  and  female  rats  (Charles  River  cd^  strain)  were  3.40  g/kg  and  3.30 
g/kg,  respectively.  All  deaths  occurred  on  the  first  day  with  no  remarkable 
symptoms.  The  results  are  summarized  in  Table  1. 

6.  Conclusions 


The  desensitized  tetrazene  sample  as  received  was  slightly  acidic 
(pH  5.8)  and  contained  no  appreciable  concentration  of  metals  or  sulfate  ion. 
The  total  reducible  NO^  content  was  0.81  mg/ml.  The  inorganic  nitrate  con- 
tent was  1.8  X 10“^  mg/ml  and  the  inorganic  nitrite  content  was  <1.0  x 10*^ 
mg/ml.  Thus,  the  covalently  bound  NO2  content  was  high  relative  to  the  in- 
organic NOj  plus  NO2  content.  High  pressure  liquid  chromatography  indicated 
the  presence  of  at  least  seven  ultraviolet-absorbing  components,  three  having 
the  retention  times  of  1-H-tetrazole,  5-amlnotecrazole  and  tetrazene. 
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TABLE 


1 


ACUTE  ORAL  LD^q's  OF  DESENSITIZED  TETRAZENE 
IN  RATS 


Dose 

(g  solids/kg  body  weight) 

4.00 
3.75 
3.50 
3.37 
3.25 

3.00 

LDjq  (g/kg) 

957L  Confidence  Limits 
(g/kg) 

Slope  + Standard  Error 


ND  “ Not  Determined 


Mortality 


Males 

Females 

5/5 

5/5 

5/5 

ND 

5/10 

4/5 

4/5 

5/8 

2/10 

4/8 

0/5 

0/5 

3.40 

3.30 

3.28-3.55 

3.12-3.44 

16.3  * 5.2 

17.4  ± 6.8 
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Hie  sample  was  concentrated  four  times  for  animal  testing.  The 
desensitized  tetrazene  was  mildly  Irritating  to  the  skin  of  rabbits  and 
moderately  toxic  to  rats  after  oral  administration. 

7.  Recommendations 


Because  the  sample  tested  has  much  less  toxicity  than  the  tetrazene 
iMstewater  (as  discussed  In  Section  G),  no  further  toxicological  research 
is  warranted.  However,  the  skin  irritation  test  indicates  that  it  may  be 
necessary  to  protect  workers  from  physical  contact  with  the  desensitized 
tetrazene.  Samples  should  also  be  taken  periodically  and  characterized 
by  high  pressure  liquid  chromatography  to  insure  no  significant  variation 
In  composition. 
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B.  Desensitized  Pure  Lead  Stvphnate 
1.  Introduction 


a.  Sample  origin 


A sample  of  lead  styphnate  (1)  was  desensitized  by  heating 
in  water  with  sodium  hydroxide  and  aluminum. 


b.  Chemical  literature:  Trlnltroresorclnol,  or  styphnlc 

acid.  Is  prepared  by  first  sulfonatlng,  then  nitrating  resorcinol. £'  xt 
reacts  with  lead  salts  to  form  several  products,  the  most  stable  of  which 
Is  the  1:1  complex.—^ 


Lead  styphnate  is  quite  stable  as  shown  by  vacuum  stability  studies  at 
100°  and  120 °C.  However,  it  appears  to  undergo  both  hydrolysis  and  decom- 
position in  water.— ^ It  can  be  decomposed  by  concentrated  nitric  or  sul- 
furic acid.  VRien  dissolved  In  amnonium  acetate  solution.  It  reacts  with 
potassium  dlchromate  to  form  potassium  styphnate  and  lead  chromate. 
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It  cun  also  be  decomposed  by  dissolving  it  In  at  least  40 
times  its  weight  of  20%  sodium  hydroxide  solution. 

c.  Toxicological  literature:  No  data  on  the  acute  mammalian 

toxicology  of  either  lead  styphnate  or  trinltroresorcinol  were  found.  However, 
lead  is  the  best  known  toxic  metal,  well  covered  in  all  texts.  The  toxicity 
of  lead  styphnate  is  presumed  due  to  its  lead  content  and  the  solubility  of 
the  lead  in  the  medium  involved. 

2.  Desenitizstion  Procedure 

The  following  procedure  was  used  for  desensitization  of  the  lead 

styphnate: 


a.  To  a 5-liter  water  solution  containing  157  g of  NaOH 
was  added  157  g of  lead  styphnate. 

b.  During  a 20-mlnute  period,  78.5  g of  atomized  aluminum 

were  added. 


c.  The  solution  was  heated  at  89* to  92*  for  4 hours  by 
injecting  steam  into  the  mixture. 

d.  The  final  volume  was  9.5  liters.  The  product  pH  was 

11.7. 


3.  Sample  Concentration  for  Animal  Toxicity  Studies 

a.  Sample  description:  As  received,  the  sample  was  a dark 

green  suspension  with  numerous  small  particles  (<  0.028  in).  Before 
sampling,  the  mixture  was  shsken  vigorously  to  suspend  the  particles.  The 
pH  was  11.7. 


b.  Sample  concentration:  The  approximate  concentration  of 

dissolved  solids/ml  was  determined  prior  to  concentration.  A 10-ml  aliquot 
was  reduced  to  dryness  under  20  mm  Hg  vacuum  at  S0*to  60*.  As  received,  the 
concentrstion  of  dissolved  solids  was  0.06  mg/ml. 

The  concentrstion  of  dissolved  solids  was  now  adjusted  by 
solvent  removal  under  20  mm  Hg  vacuum  at  50*to  60*.  After  concentration, 
the  pH  was  sdjusted  to  7.4  by  sddition  of  acetic  acid.  On  addition  of 
acetic  acid,  the  solution  becsme  very  turbid.  The  final  concentration  of 
dissolved  plus  suspended  solids  wss  112  mg/ml.  The  concentrstion  fsctor 
wss  19.2. 
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c.  Distillate  examination:  The  water  distillate  resulting 

from  sample  concentration  was  studied  by  gas  chromatography,  thin-layer 
chromatography,  and  ultraviolet  spectroscopy  for  the  presence  of  components 
other  than  water.  The  techniques  used  are  described  under  Section  4, 

Chemical  Assays.  No  other  components  were  detected  In  the  distillate. 

4.  Chemical  Assays  and  "Fingerprinting" 

a.  Alkalinity:  The  sample  supernatant,  as  received,  required 

0,375  meq  of  HCl/ml  of  sample  to  neutralize  It.  This  alkalinity  corresponds 
to  15  mg  NaOH/ml. 


b.  Metal  content:  The  sample  as  received  contained  the 

following  concentrations  of  metals; 


Metal 

% In  Supernatant 

% in  Precipltat 

Aluminum 

0,9 

3.35 

Ant Imony 

<0.00025 

0.04 

Barium 

0.00002 

<0.0096 

Calcium 

0.0001 

<0.096 

Lead 

0.0049 

59.4 

Magnesium 

<0.0001 

<0.05 

Sodium 

0.88 

1.7 

c.  Reducible  NO2  content:  The  concentration  of  reducible 

NO2  groups  was  determined  by  the  method  of  Sellg.— ''  This  procedure  determines 
the  presence  of  aliphatic  nitrates,  aliphatic  nitrites,  aromatic  nltro  groups 
and  Inorganic  nitrite  and  nitrate  ions.  Although  a number  of  functionalities 
are  detected  simultaneously,  the  results  are  expressed  In  terms  of  mg  NU2 
for  comparison  purposes.  The  nonspeclflclty  of  the  assay  can  be  considered 
an  advantage  since  when  combined  with  the  Inorganic  NO2  and  NO^  assays,  the 
covalently  bound  NO2  content  can  be  estimated. 

The  reducible  NO2  content  of  the  supernatant  when  assayed  on 
19  May  1975  was  0.04  mg  N02/ml.  Thirty- five  days  later,  the  assay  Indicated 
0.10  mg  N02/ml.  The  reducible  NO2  content  of  the  precipitate  when  assayed 
on  19  May  1975  was  0.03  mg  N02/g  precipitate.  Thirty-six  days  later,  the 
assay  Indicated  the  same* 

d.  Sulfate  content:  The  concentration  of  Ionic  sulfate  was 

determined  by  an  automated  methylthymol  blue  method  described  by  the  Environ- 
mental Protection  Agency.—^  The  sulfate  content  of  the  supernatant  was 

0.74  mg/ml  of  sample. 
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e.  Inorganic  nttrate  and  nitrite  content:  The  Inorganic 

nitrate  and  nitrite  contents  were  determined  by  the  cadmium  reduction  method 
described  by  the  Environmental  Protection  Agency.l^  The  nitrate  content  of 
the  supernatant  as  received  was  0.0004  mg/ml.  The  nitrite  content  of  the 
supernatant  as  received  was  0.00168  mg/ml. 

f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid  and  thin- layer  chromatography.  The  primary  purpose  of  the 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography : The  sample  was  studied  as 

described  below: 

System  1 

Instrument:  Waters  Associates  301  equipped  with 

Schoeffel  770  variable  wavelength. 
UV  detector  operating  at  254  nm. 

Column:  Porasll  AX,  2 ft  x 1/8  in. 

Solvent:  1007.  CH3CN  prograasned  to  607.  H2O  in 

30  minutes  using  linear  solvent 
program  No.  6. 

Flow  rate:  1 ml/min. 

Minor  peaks  were  observed  at  9 and  13  ml 
elution  volume,  plus  a major  Ill-defined  peak  at  15  to  30  ml.  A peak  was 
not  observed  for  a reference  sample  of  trlnltroresorclnol  using  this  system. 

System  2 

Instrument;  Waters  Associates  301  equipped 

with  Schoeffel  770  variable  wave- 
length UV  detector  operating  at 
254  nm. 

Column;  Porasll  AX,  2 ft  x 1/8  in. 

Solvent:  3Z  H2O  in  CH3CN. 

Flow  rate:  1 ml/min. 

A single  peak  at  1.58  ml  was  observed.  The 
peak  was  skewed  suggesting  the  presence  of  more  than  one  component.  Both 
lead  styphnate  and  trlnltroresorclnol  elute  at  2.76  minutes. 
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(2)  Gas  chromatography:  The  sample  was  studied  by  gas 

chromatography  as  described  below: 

Instrument:  Bendlx  2500  equipped  with  flame  Ioniza- 

tion detector. 

Column:  Glass,  6 ft  x 1/4  in;  3%  OV-1  on  Gas 

Chrom  Q. 

Flow  rate:  30  cc  N2/min. 

Column  temperature:  Start  at  100°C  and  heat  at 

S^/mln  to  250®. 

Injection  port:  200 ®C. 

Detector:  200®C. 

No  peaks  were  observed. 

(3)  Thin- layer  chromatography:  The  sample  was  studied 

by  thin-layer  chromatography  on  both  cellulose  and  silica  gel. 

(a)  On  cellulose; 

Plate:  Brlnkmann  cellulose  F. 

Solvent  system:  957.  ethanol/conc.  NH4OH  (4:1) 

Material  spotted:  5 Pg  lead  styphnate  (107. 

aqueous  ammonium  acetate) ; 

5,  1,  0.5  Pg  trinltroresor- 
clnol;  100,  10  pi  styphnate 
waste  supernatant;  100  pi 
of  a concentrated  chloroform 
extract  of  the  waste  super- 
natant. 

Detection:  Visual  Inspection;  UV-254  and  360  nm; 

Spray  with  21,  dlphenylamlne  in  957. 
ethanol  followed  by  exposure  to  long 
wave  UV  light  for  5 minutes. 

Lead  styphnate  has  an  of  0.39.  Trlnltro- 
resorclnol  has  an  of  0.51.  Both  of  the  waste  samples  had  a spot  at 
Kf  0.0,  but  no  spot  above  the  origin.  The  detection  limit  for  lead  styphnate 
and  trlnltroresorclnol  was  0.5  Pg. 
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(b)  On  silica  gel • 


Plate;  Brinknvann  Silica  Gel  F-254. 

Solvent  system:  Acetone  saturated  with  ammonium 

acetate. 

Material  spotted;  5 Pg  lead  styphnate;  5 Mg 
trlnitroresorclnol ; 20  Ml 
of  sample  having  a dissolved 
solids  content  of  112  mg/ral 
(i.e. , 2,240  Mg  of  solids). 

Detection:  (1)  Visual 

(li)  UV-254  nm 

(iii)  Spray  with  2%  dipheny lamine 

in  957.  ethanol  followed  by  UV 
irradiation. 

Lead  styphnate  has  an  R£  of  0.42  and  a detection 
limit  of  0.5  Mg.  Trlnitroresorclnol  has  an  of  0.42  and  a detection  limit 
of  0.5  Mg.  The  sample  showed  no  spots  above  R^  0.0. 

g.  Spectral  characterization:  The  sample  was  studied  by 

Infrared,  ultraviolet  and  visible  spectroscopy. 

(1)  Infrared  spectrum:  A vacuum  dried  sample  in  KBr 

showed  broad,  ill-defined  hands  at  3300,  1620,  1400  and  1075  cm  The 
C-NO2  group  normally  has  bands  near  1500  and  1350  Lead  styphnate 

shows  bands  at  3570  (m) , 1590  (s) , 1490  (m) , 1410  (m) , 1315  (s),  1230  (s), 

1100  (m) , 790  (m) , 770  (w)  and  740  (w)  cm“^. 

(2)  Ultraviolet  spectrum:  With  a 50-fold  dilution,  the 

sample  shows  a maximum  at  328  nm  (absorbance  0.43). 

(3)  Visible  spectrum:  No  peaks  were  observed  In  the 

range  400  to  800  nm.  With  a 10-fold  dilution,  the  sample  showed  an  absorbance 
of  0.30  at  400  nm. 

5.  Acute  Toxicity 

Animal  tests  were  performed  on  the  neutralized  concentrated 
desensitized  lead  styphnate,  prepared  as  described  above.  The  material  con- 
tained 112  mg  solids/ml. 
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a.  Skin  and  eve  irritation:  The  primary  skin  and  eye  irrita- 

tions were  determined  by  the  Draize  procedure^^  using  six  New  Zealand  white 
rabbits.  Desensitized  lead  styphnate  gave  no  eye  irritation  and  a score  of 
0.16  on  the  skin  irritation  test.  A score  of  at  least  0.20  is  required  to 
classify  a material  as  a mild  irritant,  so  desensitized  lead  styphnate  is 
nonirritetlng  by  this  test. 

b.  Oral  toxicity:  Single  oral  doses  of  5 g/kg  of  desensitized 

lead  styphnate  killed  none  of  the  six  female  and  three  male  albino  rats 
(Charles  River  CD  strain)  and  three  male  mice  (Charles  River  CD-I  strain) 
dosed. 


6.  Conclusions 

The  desensitized  lead  styphnate  sample  as  received  was  basic 
(pH  11.7)  and  contained  the  equivalent  of  15  mg  NaOH/ml.  The  supernatant 
contained  0.9%  aluminum  and  0.88%  sodium.  The  precipitate  contained  3.357. 
aluminum,  59%  lead  and  1.7%  sodium.  The  supernatant  sulfate  content  was 
0.74  mg/ml.  The  initial  total  reducible  NO2  content  of  the  supernatant  was 
40  X 10"^  mg  N02/id1>  The  inorganic  nitrate  content  was  0.4  x 10"^  mg/ml 
and  the  nitrate  content  was  1.68  x 10'^  mg/ml.  Thus,  the  covalently  bound 
NO2  content  is  high  relative  to  the  inorganic  NO^  plus  NO2  content.  Gas 
chromatography  on  an  OV-1  column  did  not  indicate  the  presence  of  any  volatile 
components.  High  pressure  liquid  chromatography  (HPLC)  was  useful  for 
monitoring  nonvolatile  ultraviolet  absorbing  compounds.  No  trinitroresorcinol 
(<  0.01%)  was  observed  in  the  sample.  There  are  at  least  three  uncharacterized 
ultraviolet  absorbing  compounds  present  by  HPLC.  Thin-layer  chromatography 
also  indicated  the  absence  of  trinitroresorcinol. 

The  homogenous  concentrated  neutralized  sample  was  nonirritating 
to  rabbits  and  nontoxic  to  rats  and  mice  after  oral  administration. 

7.  Recommendations 

Because  of  the  lack  of  Irritancy  and  toxicity,  no  further  toxicolog- 
ical research  is  warranted.  Accepted  standards  for  lead  content  and  worker 
exposure  should  be  observed.  Samples  should  be  taken  periodically  and 
characterized  by  high  pressure  liquid  chromatography  for  organic  constituents 
and  by  alemantal  analysis  for  lead  to  Insure  no  significant  variation  in  com- 
position. 
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C.  Desensitized  Primer  Mixture  FA  956 


1.  Introduction 

a.  Sample  origin;  A sample  of  primer  mixture  FA  956  was 
desensitized  by  the  Army  using  sodium  hydroxide  and  aluminum.  Primer  mixture 
FA  956  contains  377,  lead  styphnate,  47,  tetrazene,  57,  pentaerythritol  tetra- 
nltrate,  327,  barium  nitrate,  157,  antimony  sulfide  and  77,  aluminum. 

b.  Chemical  literature:  See  the  sections  for  tetrazene  (A), 

lead  styphnate  (B),  and  PETN  (D). 

c.  Toxicological  literature:  No  data  on  acute  mammalian 

toxicity  could  be  found. 

2.  Desensltlzatlon  Procedure 

The  following  procedure  was  used  by  the  Army  for  the  desensltiza- 
tlon  of  primer  mixture  FA  956: 

a.  To  3 liters  of  water  containing  125  g NaOH  was  added 
150  g FA  956  priming  mixture. 

b.  During  a 46-minute  period  52  g of  atomized  aluminum  were 
added  to  the  solution. 

c.  The  contents  were  heated  to  82*’  to  89°  for  4 hours  by 
Injecting  steam  Into  the  mixture. 

d.  The  final  volume  was  5.4  liters. 

e.  The  pH  of  the  product  was  13.2. 

3.  Sample  Concentration  for  Acute  Toxicity  Studies 

a.  Sample  description:  The  sample  was  a dark  brown  liquid 

containing  a finely  divided  precipitate.  The  sample  was  shaken  vigorously 
to  suspend  the  particles  before  aliquots  were  removed.  The  pH  was  11.6. 

b.  Concentration:  The  approximate  concentration  of  dis- 

solved sollda/ml  was  determined  prior  to  concentration.  A 10-ml  aliquot 
was  reduced  to  dryness  under  20  mm  Hg  vacuum  at  50°  to  60*.  As  received 
the  concentration  of  dissolved  solids  was  70  mg/ml. 
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The  concentration  of  dissolved  solids  was  now  adjusted 
by  solvent  removal  under  20  mm  Hg  vacuum  at  50"  to  60".  After  concentration 
the  pH  was  adjusted  to  7.8  by  addition  of  acetic  acid.  The  addition  of 
acetic  acid  caused  no  change  in  appearance.  The  final  concentration  of 
dissolved  plus  suspended  solids  was  159  mg/ml.  The  concentration  factor 
was  2.27. 


c.  Distillate  examination:  The  distillate  resulting  from 

sample  concentration  was  studied  by  gas  chromatography,  thin-layer  chroma- 
tography, and  ultraviolet  spectroscopy  for  the  presence  of  components  other 
than  water.  The  techniques  used  are  described  under  Section  4,  Chemical 
Assays.  No  other  components  were  detected  in  the  distillate. 

4.  Chemical  Assays  and  Chromatographic  "Fingerprinting" 

a.  Alkalinity:  The  sample  supernatant  as  received  was 

basic  and  required  0.525  meq  HCl  per  ml  of  sample  to  neutralize  it.  This 
alkalinity  corresponds  to  21  mg  NaOH/ml. 

b.  Metal  content:  The  sample,  as  received,  contained  the 

following  concentration  of  metals: 


Metal 

7o  in  Supernatant 

7,  in  Preciplt 

Aluminum 

1.0'' 

24.8 

Antimony 

0.0030 

9.45 

Barium 

0.024 

0.43 

Calcium 

0.0010 

0.031 

Lead 

0.0030 

9.3 

Magnesium 

0.0001 

0.02 

Sodium 

1.26 

1.4 

c.  Reducible  NO?  content:  The  concentration  of  reducible 

' -1  / 

NO2  groups  was  determined  by  the  method  of  Selig.— ' This  procedure  will 
determine  the  presence  of  aliphatic  nitrates,  aliphatic  nitrites,  aromatic 
nitro  or  nitroso  groups  and  Inorganic  nitrite  and  nitrate  ions.  Although 
a number  of  functionalities  are  detected  simultaneously,  the  results  are 
expressed  in  terms  of  mg  NO2  for  comparison  purposes.  The  nonspecificity 
of  the  assay  can  be  considered  an  advantage  since,  when  combined  with  the 
inorganic  NO2  and  NO3  assay,  the  covalently  bound  NO2  content  can  be  determined. 

The  reducible  NO2  content  of  the  supernatant  when  assayed 
on  20  May  19,75  was  4.5  mg  N02/ml.  Forty-one  days  later  the  assay  indicated 
3.5  mg  N02/ml.  The  reducible  NO2  content  of  the  precipitate  when  assayed 
on  28  May  1975  was  0.06  g N02/g  sample. 
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d.  Sulfate  content;  The  concentration  of  ionic  sulfate  was 


determined  by  an  automated  methyl  thymol  blue  method  described  by  the  Environ- 
mental Protection  Agency.— ^ The  sulfate  content  of  the  supernatant  as  re- 
ceived was  1.97  mg  SO^/ml  of  sample. 

e.  Inorganic  nitrate  and  nitrite  content:  The  inorganic 

nitrate  and  nitrite  contents  were  determined  by  the  cadmium  reduction  method 
described  bv  the  Environmental  Protection  Agency.—  The  nitrate  content  of 
the  supernatant  as  received  was  0.76  mg/ml.  The  nitrite  content  of  the 
supernatant  as  received  was  1.0  mg/ml. 

f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid  and  thin-layer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography:  The  sample  supernatant  was 

studied  as  described  below; 

System  1 

Instrument:  Waters  Associates  301  equipped 

with  235  nm  Schoeffel  770  UV 
detector . 

Column;  Porasll  AX,  2 ft  x 1/8  in. 

Solvent:  100%  CH3CN  programmed  to  607o  H2O 

in  30  minutes  using  solvent  program 
No.  6. 

Flow  rate:  1 ml/min. 

Peaks  were  observed  at  7,  10,  11,  15  and  21  ml 
elution  volume.  Reference  samples  of  pentaerythritol  tetranitrate  and  tri- 
nitroresorcinol  do  not  give  peak.s  using  the  system. 

System  2 

Instrument:  Waters  Associates  301  equipped 

with  235  nm  Schoeffel  770  UV 
detector. 

Column:  Porasll  AX,  2 ft  x 1^8  in. 

Solvent;  3%  H2O  in  CH3CN. 

Flow  rate:  1 ml/min. 

Trinitroresorcinol  and  lead  styphnate  elute 
at  2.76  ml.  The  sample  showed  peaks  at  1.18,  3.15,  7.48  and  10.2  ml.  The 
peaks  at  7.48  and  10.2  ml  were  ill -defined. 
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(2)  Gas  chromatography:  The  sample  supernatant  and 

precipitate  were  studied  by  gas  chromatography  as  described  below; 

Instrument;  Bendlx  2500  equipped  with  flame 
Ionization  detector. 

Column;  Glass,  6 ft  x 1/4  In. 

(a)  3%  OV-l  on  Gas  Chrom  l^. 

(b)  5%  OV-17  on  Anakrom  ABS. 

Flow  rate;  50  cc  N2/mln. 

Column  temperature;  (a)  Start  at  100°C  and 

heat  at  5'*/mln.  to  250°. 

(b)  Isothermal  at  130°C. 
Injection  port;  (a)  200 °C 

(b)  130°C 

Detector  temperature;  200 °C 

No  peaks  were  observed  using  column  (a),  column 
temperature  (a),  and  Injection  temperature  (a).  Using  the  (b)  conditions  no 
peaks  were  obsi'rved  for  the  supernatant,  but,  for  the  precipitate,  a peak 
with  the  retention  time  of  PETN  (5.7  minutes)  was  observed.  The  concentration 
of  the  PETN  was  < 0.17.. 

(3)  Thin- layer  chromatography;  The  sample  was  studied 
on  two  thin-layer  chromatographic  systems. 

System  1 (For  TNR  and  lead  styphnate) 

Plate;  Brlnkmann  Silica  Gel  F-254 
Solvent  system;  Acetone  saturated  with 
ammonium  acetate. 

Material  spotted;  5 pg  lead  styphnate 

5 pg  trlnltroresorclnol 
20  pi  of  sample  having  a 
dissolved  solids  content 
of  11?  .ng/ml  (i.e.,  2,240  pg 
of  solids). 

Detection;  (a)  Visual 

(b)  UV-254  nm 

(c)  Spray  with  27.  dlphenylamlne 
in  957.  ethanol  followed  by 
UV  Irradiation. 

Lead  styphnate  has  an  Rf  of  0.42  and  a detec- 
tion limit  of  0.5  pg.  Trlnltroresorclnol  has  an  Rf  of  0.42  and  a detection 
limit  of  0.5  pg.  The  sample  showed  one  spot  at  Rf  0.125. 
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System  2 (For  PETN) 


The  precipitate  (300  mg)  was  extracted  twice  with 
5 ml  of  chloroform  using  sonication.  The  chloroform  was  concentrated  and 
used  for  spotting  in  the  following  ThC  system; 

Plate:  Brlnkmann  Silica  fJel  F-25A 

Solvent  system:  Cyclohexane/acetone  (1:1) 

Material  spotted:  5 ug  PETN 

5 pi  chloroform  extract  of 
the  sample  precipitate. 

Detection:  (a)  UV-254  nm 

(b)  Spray  with  27.  diphenylamine 
in  95%  ethanol,  irradiate 
with  UV  light. 

liV  light  indicated  no  spots.  Diphenylamine 
spray  indicated  the  presence  of  PETN  in  the  sample  at  Rf  0.59  (gray  spot). 

g.  Spectral  characterization;  ["he  sample  was  studied  by 
infrared,  ultraviolet  and  visible  spectroscopy. 

(1)  Infrared  spectrum;  A vacuum  dried  sample  of  the 
supernatant  in  KBr  showed  broad.  Ill-defined  bands  at  3300,  1620  and 

1380  cm"^.  The  C-NO2  group  normally  nas  bands  near  1560  and  1350  cm'^.i?^ 

(2)  Ultraviolet  spectrum:  With  a 10-fold  dilution  the 

sample  supernatant  showed  maxima  at  355  nm  (0.33  absorbance)  and  270  nm 
(0.21  absorbance). 

(3)  Visible  spectrum:  With  a 10-fold  dilution  the 

sample  supernatant  shoved  a maxima  at  420  nm  (0.20  absorbance). 

5.  Acute  Toxicity 

Animal  tests  were  performed  on  the  neutralised,  concentrated, 
desensitized  primer  mixture  FA  956,  prepared  as  described  above.  This 
material  contained  159  mg  solids/ml. 

a.  Skin  and  eve  Irritation:  The  priaury  skin  and  eye 

Irritation  were  determined  by  the  Draize  procedure^t^  using  six  New  Zealand 
white  rabbits.  Desensitized  primer  mixture  FA  936  gave  no  eye  irritation 
and  a score  of  0.16  on  the  skin  irritation  teat.  A score  of  at  least  0.20 
Is  required  to  classify  a material  as  a mild  Irritant,  so  desensitized 
primer  FA  956  Is  nonirritating  by  this  test.  The  Irritation  noted  Is 
probably  due  to  Its  content  of  lead  styphnate  and  tetrazene,  with  a possible 
contribution  from  the  Inorganic  constituents. 
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b.  Oral  toxicity:  Desensitized  primer  mixture  FA  956 

killed  none  of  the  three  male  albino  mice  (Charles  River  CD-I  strain) 
dosed  orally  with  5 R/kg  In  water  suspension.  The  acute  oral  LD^q'h 
(problt  method  of  Flnney2^  adapted  for  computer)  In  male  and  female  albino 
rats  (Charles  River  CD  strain)  were  determined.  All  deaths  occurred  on 
the  first  day  with  no  remarkable  signs.  Details  are  In  Table  2.  The  LD^q 
In  male  rats  (with  95%  confidence  limits)  Is  4.84  (4.62  to  5.19)  g/kg.  In 
females,  the  LDjq  was  calculated  as  3.95  (3.85  to  4.04)  g/kg.  It  Is  prac- 
tically Impossible  to  measure  a dose  between  3.8  and  4.0  g/kg,  so  the  sta- 
tistical error  In  the  slope  Is  large. 

This  sex  difference  Is  significant,  and  presumably  reflects 
a difference  in  metabolism.  In  view  of  the  known  toxicity  of  the  components. 
It  Is  probable  that  the  antimony  and  lead  are  responsible  for  most.  If  not 
all,  of  the  observed  toxicity.  Antimony  toxicity  is  similar  to  that  of 
arsenic;  lead  Is  well  known  as  a toxic  heavy  metal. 


TABLE  2 


ACUTE  ORAL  LDsp'S  OF 

DESENSITIZED  PRIMER  MIXTURE  FA  956  IN  RATS 


Dose 

(k  sollds/kg  body  weight) 

5.5 

5.0 

4.75 

4.5 
4.25 

4.0 
3.8 

3.75 

LDso  (g/kg) 

95%  Confidence  Limits 
(g/kg) 

Slope  t Standard  Error 


ND  ■ Not  Determined 


Mortality 


Males 

Females 

5/5 

ND 

4/5 

3/3 

1/10 

ND 

3/5 

ND 

0/5 

ND 

0/5 

7/8 

ND 

0/5 

ND 

0/8 

4.84 

3.95 

(4.64-5. 19) 

(3.85-4.04) 

12.6  ±4.3 

83.5  ± 71.8 
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6.  Conclusions 


The  sample  as  received  was  basic  (pH  11.6)  and  contained  the 
equivalent  of  21  mg  NaOH/ml.  The  supernatant  contained  1.07o  aluminum  and 
1.267,  sodium.  The  precipitate  contained  24.87,  aluminum,  9.57,  antimony, 
9.37,  lend  and  1.47,  sodium.  The  initial  total  reducible  NO2  content  of  the 
supernatant  was  4.5  mg  N02/ml.  Porty-one  days  later  the  reducible  NO2  con 
tent  of  the  supernatant  was  3.5  mg  N()2/ml . The  inorganic  nitrate  content 
after  41  days  was  0.76  rag^ml  and  the  nitrite  content  was  1.02  mg^ml.  Thus 
the  covalently  bound  NO2  content  is  similar  to  the  inorganic  NO3  plu5,  NO2 
content.  High  pressure  liquid  chromatography  indicated  the  presenre  of  at 
least  four  uncharacterized  ultraviolet  absorbing  components.  Thin-layer 
chromatography  indicated  the  presence  of  PETN  in  the  precipitate.  TLC  did 
not  show  as  many  minor  components  as  high  pressure  liquid  chromatography. 
Gas  chromatography  indicated  the  presence  of  PETN  in  the  precipitate  in  a 
concentration  of  < 0.17,.  No  other  volatile  components  were  detected. 

The  homogenous  sample  of  neutralized,  concentrated  desensitized 
primer  mixture  FA  956  was  nonirritating  to  rabbits,  but  moderately  toxic 
to  rats  after  oral  administration. 

7 . Recommendations 

Because  the  toxicity  is  presumably  due  to  the  well-known  toxic 
metals  antimony  and  lead,  no  further  toxicological  research  is  warranted. 
Accepted  effluent  standards  for  these  metals  should  be  adequate.  Samples 
should  be  taken  periodically  and  characterized  by  high  pressure  liquid 
chromatography  for  organic  constituents  and  by  elemental  analysis  for  anti 
mony  and  lead  to  insure  no  significant  variations  in  composition. 
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D.  Desensitized  Pure  PgTN 


1.  Introduction 


a.  Sample  origin:  Pure  pentaerythrltol  tetranltrate 

(PETN)  (I)  was  desensitized  by  heating  In  water  with  aluminum  and  sodium 
hydroxide. 


C»20N02 

O2NOCH2-C-CW2ONO2 

<!»20N02 

(I) 


b.  Chemical  literature:  PETN  (I)  Is  the  nitric  acid  ester 

of  pentaerythrltol  and  Is  considered  to  be  the  most  stable  and  least  reactive 
of  the  explosive  nitrate  esters.  Analytical  and  stability  tests  have  Indi- 
cated that  Its  stability  Is  Increased  by  prolonged  heating  In  water  at 
lOO'C.ll/ 


Auberteln  and  Rehllng-lil^studled  the  hydrolysis  reactions  of 
PETN  solutions  at  temperatures  from  90°  to  125°.  It  was  found  that  the 
rate  of  hydrolysis  In  distilled  water  increased  exponentially  with  tempera- 
ture and  became  rapid  at  125°C.  The  rate  Increased  considerably  In  dilute 
nitric  acid  and  was  proportional  to  the  acid  concentration.  In  both  water 
and  nitric  acid  there  was  less  nitric  acid  liberated  than  PETN  consumed, 
indicating  only  partial  hydrolysis.  In  dilute  sodium  hydroxide,  the  rate 
of  hydrolysis  was  greater  than  in  dilute  nitric  acid  and  the  amount  of  PETN 
consumed  was  equivalent  to  the  amount  of  nitric  acid  liberated.  Indicating 
a total  hydrolysis.  Because  of  the  poor  solubility  of  PETN  In  water,  almost 
all  hydrolysis  studies  have  been  carried  out  In  mixed  solvents,  namely  907. 
ethanolJL^/  and  757.  dloxane^^  making  them  not  directly  applicable  to  the 
hydrolysis  In  wastewater.  The  hydrolysis  Is  expected  to  occur  according  to 
the  following  sequence: 


24 


O120N02 

02N0H2C-i-CH20N02 

CH2ONO2 

PETN 


ai  2ONO2 

HOH2C-C-CH2ONO2  + HNO3 
CH2ONO2 


CH2OH 


HOH2C-C-CH2OH  + HNO3  <- 


CH2ONO2 


CH2ONO2 


HOH2C-C-CH2OH  + HNO3 


CH2ONO2 


CH2OH 

HOH-C-C-CH.OH 
2 , 2 

CM2OH 

Pencaerythrltol 


+ HNO, 


Norwltz  and  Gordoi>l-I^  have  developed  a specCrophoCometrlc 
method  to  measure  the  PETN  In  wastewater  at  the  2 mg/ liter  level.  PETTN  can 
also  be  separated  and  quantitated  by  gas  chromatogr.'iphy.  This  method  pro- 
vides a rapid  procedure  for  the  detection  of  microgram  and  submlcrogram 
quantities  using  a flame  Ionization  detector  and  nanogram  to  subnanogram 
quantities  using  an  electron  capture  detector. 

c.  Toxicological  literature:  Because  of  Its  widespread 

use  as  a vasodilator,  and  the  recurrent  debate  over  Its  efficacy  In  relieving 
angina  pectoris,  there  Is  an  immense  clinical  literature  on  PETN.  Reported 
human  toxicity  Is  due  to  vasodilatation  with  a few  Incidents  of  dermal 
allergic  reactions  after  long-term  use.  The  metabolic  fate  of  PETN  In  man 
and  other  mammals  Is  the  subject  of  an  equally  large  literature.  However, 
the  only  acute  toxic  effects  mentioned  are  vasodilatation  and  Its  sequelae. 
More  Information  Is  available  In  standard  texts  and  previous  studies. 

2.  Desensltlzatlon  Procedure 

The  following  procedure  was  used  by  the  Army  for  desensltlzatlon 
of  the  pentaerythrltol  tetranltrate. 
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a.  To  4 liters  of  water  containing  710  g of  sodium  hydroxide 
was  added  300  g of  PCTN. 

b.  IXiring  a 107-mlnute  period,  356  g of  atomized  aluminum 

were  added. 

c.  The  solution  was  heated  at  89‘to  98°  for  4 hours  by 
injecting  steam  into  the  solution. 

d.  The  final  volume  was  6.6  liters. 

e.  The  product  pH  was  13.2. 

3.  Sample  Concentration  for  Acute  Toxicity  Studies 

a.  Sample  description:  The  sample  was  a clear  solution  with 

a viscous,  cream-colored  precipitate.  The  sample  was  shaken  vigorously 
before  aliquot  removal.  The  pH  was  11.6. 

b.  Concentration:  The  approximate  concentration  of  dissolved 

solids  per  ml  was  determined  prior  to  concentration.  A 10  ml  aliquot  was 
reduced  to  dryness  under  20  mm  Hg  vacuum  at  50° to  60°.  As  received,  the 
concentration  of  dissolved  solids  was  330  mg/ml. 

The  concentration  of  dic'.olved  solids  was  now  adjusted  by 
dilution  with  water.  After  dilution,  the  pH  was  adjusted  to  7.5  by  addition 
of  acetic  acid.  No  change  in  appearance  was  noted  on  addition  of  acetic 
acid.  The  final  concentration  of  dissolved  plus  suspended  solids  was  189 
mg/ml.  The  dilution  factor  was  0.57. 

4.  Chemical  Assays  and  "Fingerprinting" 

a.  Alkalinity:  The  sample  supernatant  as  received  required 

2.58  meq  of  HCl/ml  of  sample  to  neutralize  it.  This  alkalinity  corresponds 
to  103  mg  NaOH/ml. 

b.  Metal  content:  The  sample  as  received  contained  the 

following  concentrations  of  metals: 

Metal  X In  Supernatant  X In  PreclpltateS^ 


Aluminum 

1.0 

43.0 

Antimony 

0.0010 

<0.016 

Barium 

<0.0002 

0.025 

Calcium 

0.0010 

<0.063 

Lead 

0.0010 

0.016 

Magnesium 

<0.0001 

<0.032 

Sodium 

5.59 

8.4 

a/  The  precipitate  was  removed  by  spatula  and  dried  at  100°  for  2 hours. 
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c.  Reducible  NO2  content:  The  concentration  of  reducible 

NO2  groups  was  determined  by  the  method  of  Selig.— ^ This  procedure  will 
determine  the  presence  of  aliphatic  nitrates,  aliphatic  nitrites,  aromatic 
nitro  groups,  inorganic  nitrite  and  nitrate  ions.  Although  a number  of 
functionalities  are  detected  simultaneously,  the  results  are  expressed  in 
terms  of  mg  NO2  for  comparison  purposes.  The  nonspecificity  of  the  assay 
can  be  considered  an  advantage  since  when  combined  with  the  inorganic  NO2 
and  NO3  assays,  the  covalently  bound  NO2  can  be  determined. 

The  reducible  NO2  content  of  the  supernatant  when  assayed  on 
20  May  1975  was  9.4  mg  NOn/ml.  Thirty-eight  days  later  the  assay  indicated 
6.9  mg  N02/"’^*  reducible  NO2  content  of  the  precipitate  when  assayed  on 

28  May  1975  was  60  mg  N02/g  precipitate.  Forty-one  days  later,  the  assay 
indicated  30  mg/g  precipitate. 

d.  Sulfate  content:  The  concentration  of  ionic  sulfate  was 

determined  by  an  automated  methylthymol  blue  method  described  by  the  Environ- 
mental Protection  Agency.ih^  The  sulfate  content  of  the  supernatant  as 
received  was  0.70  mg  S04/ml  of  sample. 

e.  Inorganic  nitrate  and  nitrite  content:  The  inorganic 

nitrate  and  nitrite  content  was  determined  by  the  cadmium  reduction  method 
described  by  the  Environmental  Protection  Agency.-^ 

The  nitrate  content  of  c.ie  supernatant  as  received  was  0.082 
mg/ml.  The  nitrate  content  of  the  supernatant  as  received  was  0.089  mg/ml. 

f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid  and  thin-layer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography:  The  sample  supernatant  was 

studied  using  the  following  conditions: 

Instrument:  Waters  Associates  301  equipped  with 

254  nm  Schoeffel  UV  detector. 

Column:  Porasil  AX,  2 ft  x 1/8  in. 

Solvent:  1007.  CH3CN  programmed  to  607.  H2O  in 

30  minutes  using  solvent  program  No.  6. 

Flow  rate:  1 ml/min. 

Using  a homogenous  sample  dissolved  In  methanol,  a 
small  sharp  peak  was  observed  at  10.2  minutes  and  a large  ill-defined  peak 
at  19.7  to  43.3  minutes.  PETN  elutes  at  10.2  minutes  In  this  system. 
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(2)  Gas  chromatography:  The  sample  was  studied  by  gas 

chromatography  as  described  below: 

Instrument;  llendix  2500  equipped  with  flame  l»)nlzn- 
tlon  detector. 

Column:  Cl  ass,  6 ft  x 1/4  in. 

(a)  37„  OV-1  on  Gas  Chroni  Q. 

(b)  57.  OV-17  on  Anakrom  ABS. 

Flow  rate:  50  cc  N2/mln. 

Column  temperatures:  130 °C. 

Injection  port;  200 °C. 

Detector  temperature:  200 °C. 

Using  Column  (a)  no  peaks  were  observed.  Using 
Column  (b)  PETN  has  a retention  time  of  5.7  minutes.  PETN  was  not  detected 
In  the  supernatant  (<  0.01%),  but  was  found  In  the  precipitate  In  a concen- 
tration of  12%  by  weight. 

(3)  Thin- layer  chromatography:  The  sample  was  extracted 

with  chloroform  and  the  extract  studied  with  thin- layer  chromatography. 

Plate:  Brinkmann  Silica  Gel  F-254. 

Solvent  system:  Cyclohexanc/acetone  (1; 1) . 

Material  spotted:  10,  5,  2.5  ug  PCTN  (acetone). 

Chloroform  extract  of  50  tng  of 
the  sample  precipitate. 

Detection:  (a)  UV-254  nm, 

(b)  Spray  with  27.  dlphenylamlne  dissolved 
In  95%  ethanol  and  radiate  with  UV 
light. 

The  sample  precipitate  contains  10  ± 27.  PETN  (Rf  0.61). 

g.  Spectral  characterization:  The  sample  was  studied  with 

Infrared,  ultraviolet  and  visible  spectroscopy. 

(1)  Infrared  spectrum:  A vacuum  dried  sample  of  the 

precipitate  In  KBr  gave  an  IR  which  was  similar  to  that  of  PETN.  Extraction 
of  the  precipitate  with  chloroform  and  concentration  of  the  solvent  gave  a 
residue  whose  IR  was  Identical  to  that  of  PETN. 

(2)  Ultraviolet  spectrum:  No  peaks  were  observed 

above  230  nm.  With  a 33-fold  dilution,  the  sample  reached  an  absorbance 
of  1.0  at  233  nm. 

(3)  visible  spectrum:  No  peaks  were  observed  in  the 

range  400  to  800  nm.  An  undiluted  sample  showed  an  absorbance  of  0.16  at 
400  nm. 
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5.  Acute  Toxicity 


Animal  tests  were  performed  on  the  neutralized  diluted  desensitized 
PETN,  prepared  as  described  above.  The  material  contained  189  mg  sollds/ml. 

a.  Skin  and  eve  Irritation:  The  primary  skin  and  eye  irrita- 
tions were  determined  by  the  Draize  procedure^^  using  six  New  Zealand  white 
rabbits.  Desensitized  PCTN  gave  no  eye  Irritation  and  a score  of  0.00  on 
the  skin  Irritation  test. 

b.  Oral  toxicity:  Desensitized  PETN  given  orally  In  water 

at  5 g/kg  killed  none  of  the  three  male  albino  mice  (Charles  River  CD-I 
strain)  and  none  of  three  male  albino  rats  (Charles  River  CD  strain).  When 
this  dose  was  given  to  three  female  rats,  one  died  late  on  the  first  day; 
when  given  to  a second  group  of  three  females,  none  died.  Similar  results 
were  observed  In  other  rats  from  the  same  group  after  treated  with  the  Sen- 
sitization blank.  Therefore,  the  one  death  Is  an  artifact. 

6.  Conclusions 

The  sample  as  received  was  basic  (pH  11.6)  and  contained  the 
equivalent  of  103  mg  NaOH/ml.  The  supernatant  contained  1.07.  aluminum  and 
5.6%  sodium.  The  precipitate  contained  43%  aluminum  and  8.47.  sodium.  The 
inorganic  nitrate  and  Inorganic  nitrite  content  of  the  supernatant,  as 
received,  were  both  < 0.1  mg/ml.  The  organic  NO2  content  was  9.4  mg  N02/ml 
of  supernatant  on  20  May  1975  (sample  shipped  to  MRI  on  16  April  1975),  but 
had  decreased  to  6.9  mg  N02/ml  38  days  later.  The  reducible  NO2  content 
of  the  precipitate  was  60  mg/g  of  precipitate  on  28  May  1975,  but  had  de- 
creased to  about  30  mg/g  of  precipitate  41  days  later.  The  PETN  concentra- 
tion in  the  precipitate  when  assayed  shortly  after  arrival  was  127.  by  weight. 
The  supernatant  PETN  concentration  was  c 0.017..  The  presence  of  PETN  was 
confirmed  by  Infrared  spectrum,  thin- layer  chromatography,  gas  chromatography 
and  high  pressure  liquid  chromatography.  High  pressure  liquid  chromatography 
was  the  most  useful  chromatographic  process  for  "fingerprinting"  the  sample. 

The  diluted,  nertralized  sample  was  nlnirritatlng  to  rabbits  and 
nontoxic  to  rats  and  mice  after  oral  administration. 

7.  Recommendations 

Because  of  the  lack  of  irritancy  and  toxicity,  no  further  toxicolog- 
ical research  is  warranted.  Samples  should  be  tsken  periodically  and  char- 
acterized by  high  pressure  liquid  chromatography  to  Insure  no  significant 
variations  in  composition. 
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E.  Desenattlzed  Pure  Trlnltroresorctnol 


1.  Introduction 


a.  Sample  origin:  The  sample  was  prepared  by  desensitizing 

pure  trlnltroresorclnol  with  sodium  hydroxide  and  aluminum.  The  desensltlza- 
tlon  process  was  carried  out  by  the  Army. 

b.  Chemical  literature:  The  parent  compound,  trlnltroresor- 

clnol (I),  Is  a well  characterized,  commercially  available  compound. 


OH 


The  most  sensitive  and  reliable  assay  procedure  for  trlnltroresorclnol  Is 
by  high  pressure  liquid  chromatography .12^ 

c.  Toxicological  literature:  No  data  on  the  mammalian 

toxicity  of  trlnltroresorclnol  could  be  found. 

2.  Desensltlzatlon  Procedure 

The  trlnltroresorclnol  (TNR)  was  desensitized  as  indicated  below: 

a.  To  a solution  of  7 liters  of  water  containing  258  g of 
NaOH  was  added  150  g of  TNR. 

b.  During  a 34-mlnute  period,  129  g of  atomized  aluminum 

were  added. 

c.  The  solution  was  heated  to  83°  to  88°  for  4 hours  by 
Injecting  sceem. 

d.  The  final  volume  was  8 liters. 

e.  The  pH  of  the  product  was  12.7. 
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3.  Sample  Concentration  for  Acute  Toxicity  Studies 


a.  Sample  description:  The  sample  as  received  was  a dark 

brown  turbid  liquid.  The  pH  was  11.7. 

b.  Concentration:  The  approximate  concentration  of  dissolved 

solids/ml  was  determined  prior  to  concentration.  A 10-rol  aliquot  was  reduced 
to  dryness  under  20  mm  Hg  vacuum  at  50“to  60°.  As  received,  the  concentra- 
tion of  dissolved  solids  was  100  mg/ml. 

The  concentration  of  dissolved  solids  was  adjusted  by 
solvent  removal  under  20  mm  Hg  vacuum  at  50°  to  60®.  After  concentration, 
the  pH  was  adjusted  to  7.2  by  addition  of  acetic  acid.  The  sample  remained 
a brown  turbid  liquid  on  addition  of  acetic  acid.  The  final  concentration 
of  dissolved  plus  suspended  solids  was  170  mg/ml.  The  concentration  factor 
wns  1.70. 


I 


c.  Distillate  examination:  The  distillate  resulting  from 

sample  concentration  was  studied  by  gas  chromatography,  thin- layer  chroma- 
tography, and  ultraviolet  spectroscopy  for  the  presence  of  components  other 
than  water.  The  techniques  used  are  described  under  Section  4,  Chemical 
Assays.  No  other  components  were  detected  In  the  distillate. 

4.  Chemical  Assays  and  Chromatographic  "Fingerprinting" 

a.  Alkalinity:  The  sample  as  received  required  0.525  meq 

of  HCl/ml  of  sample  to  neutralize  It.  This  alkalinity  corresponds  to 
21  mg  NaOH/ml. 


b.  Metal  content:  The  sample  as  received  contained  the 

following  concentrations  of  metals. 

Metal  % In  Homogenous  Aliquot 


Aluminum 
Ant imony 
Barium 
Calcium 
Lead 

Magnesium 

Sodium 


0.8 

<0.0005 

<0.0002 

0.0010 

<0.0005 

<0.0001 

17.3 
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c.  Reducible  NO2  content:  The  concentration  of  reducible 

NO2  groups  was  determined  by  the  method  of  Walter  Selig.— ^ This  procedure 
will  determine  the  presence  of  aliphatic  nitrates,  aliphatic  nitrites, 
aromatic  nltro  or  nitroso  groups  and  inorganic  nitrite  and  nitrate  Ions. 

Although  a number  of  functionalities  are  detected  simultaneously,  the  results 
are  expressed  In  terms  of  mg  NO2  for  comparison  purposes.  The  nonspeclflclty 
of  the  assay  can  be  considered  an  advantage  since,  when  combined  with  the 
Inorganic  NO2  and  NO^  assays,  the  covalently  bound  NO2  content  can  be  estimated. 

The  reducible  NO2  content  of  the  homogenous  sample  when 
assayed  on  20  May  1975  was  0.39  mg  N02/nil.  Thirty-five  days  later,  the 
assay  indicated  0.35  mg  N02/ml. 

d.  Sulfate  content:  The  concentration  of  ionic  sulfate  was 

determined  by  an  automated  methylthymol  blue  method  described  by  the  Environ- 
mental Protection  Agency.—^  The  sulfate  content  of  the  supernatant  as  re- 
ceived was  0.85  mg  SO^/ml  of  sample. 

e.  Inorganic  nitrate  and  nitrite  content:  The  inorganic 

nitrate  and  nitrite  content  was  determined  by  the  cadlum  reduction  method 
described  by  the  Environmental  Protection  Agency.—^  The  nitrate  content  of 
the  supernatant  aa  received  was  0.033  mg/ml.  The  nitrite  content  of  the 
supernatant  as  received  was  0.17  mg/ml. 

f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid  and  thln-Iayer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography:  The  sample  supernatant  was 

studied  using  the  following  conditions; 

System  1 

Instrument;  Waters  Associates  301  equipped 
with  254  nm  UV  detector. 

Column:  Porasll  AX,  2 ft  x 1/8  In. 

Solvent:  1007.  CH3CN  programmed  to  60%  H2O  In 

30  minutes  using  solvent  program  No.  6. 

Flow  rate:  1 ml/mln. 

Two  small  sharp  peaks  were  observed  at  9.5 
and  14.6  minutes.  Two  large  Ill-defined  peaks  were  observed  at  18.9  and 
25.6  minutes.  Trlnltroresorclnol  does  not  give  a peak  using  this  system. 
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System  2 


Instrument;  Waters  Associates  301  equipped 

with  235  nm  Schoffel  UV  Detector. 
Column:  Porasil  AX,  2 ft  x 1/8  in. 

Solvent:  37.  H2O  in  CH^CN. 

Flow  rate;  1 ml/min. 

Trlnitroresorcinol  elutes  at  2.76  minutes, 
llie  sample  showed  peaks  at  1.57  and  3.15  minutes. 

(2)  Gas  chromatography:  The  sample  was  studied  with 

gas  chromatography. 

Instrument:  Bendix  2500  equipped  with  flame  ioniza- 

tion detector. 

Column:  Glass,  6 ft  x 1/4  in. 

Flow  rate:  30  cc  N2/min. 

Column  temperature:  Start  at  100“C  and  heat  at 

5°/min  to  250°C. 

Injection  port:  200°C. 

Detector  temperature:  200°C, 

No  peaks  were  observed.  Trlnitroresorcinol  did  not 
give  a peak  using  this  system. 

(3)  Tliin- layer  chromatograpliy : The  sample  was  examined 

by  thin-layer  chromatography. 

Plate;  Brlnkmann  Silica  Gel  F-254. 

Solvent  system:  Acetone  saturated  with  ammonium 

acetate. 

Material  spotted:  5,  0.5  pg  trinitroresorcinol 

20  pi  of  sample  having  a dissolved 
solids  content  of  170  pg/pl. 
Detection:  (a)  Visual 

(b)  UV-254  nm 

(c)  Spray  with  27.  dipheny lamine  in  957 
ethanol  followed  by  IV  irradiation. 

Trinitroresorcinol  has  an  Rf  of  0.42  and  a detection 
limit  of  0.5  Pg.  The  sample  showed  no  spots  above  g£  0.0. 
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g.  Spectral  characteristics:  The  sample  was  studied  with 

infrared,  ultraviolet  and  visible  spectroscopy. 


(1)  Infrared  spectrum:  A vacuum-dried  sample  in  a 

I'l iioro-Mac  mull  showed  bands  at  3400  (broad,  s)  2150  (w) , 1665  (s)  , 1475  (s), 
1340  (w) , 1330  (w) , 1160  (w) , 1075  (m)  and  875  (w) . Trinitroresorcinol  shows 
bands  at  3200  (m) , 1660  (s),  1620  (s),  1600  (s) , 1550  (s),  1490  (s) , 1466  (s), 
1380  (s),  1310  (s),  1210  (w),  1190  (w)  , 1085  (s),  935  (m) , 920  (m) , 785  (m) , 
763  (m)  and  732  (w)  cra'^. 

(2)  Ultraviolet  spectrum:  No  peaks  were  observed.  A 

20-fold  dilution  showed  an  absorbance  of  0.28  at  216  nm  and  0.12  at  300  nm. 


to  800  nm. 


(3)  Visible  spectrum:  No  peaks  were  observed  from  400 


5.  Acute  Toxicity 

Animal  tests  were  performed  on  the  neutralized  concentrated 
desensitized  trinitroresorcinol,  prepared  as  described  above.  The  material 
contained  170  mg  solids/ml. 

a.  Skin  and  eye  irritation:  The  primary  skin  and  eye  irrita- 

tions were  determined  by  the  Draize  procedure^/  using  six  New  Zealand  white 
rabbits.  Desensitized  trinltroresorcii.^1  gave  negative  results  in  the  eye 
irritation  test  and  a score  of  0.00  on  the  skin  irritation  test. 

b.  Oral  toxicity:  Desensitized  trinitroresorcinol  given 

orally  at  5 g/kg  killed  none  of  the  three  male  albino  mice  (Charles  River 
CD-I  strain)  and  none  of  the  three  male  and  six  female  albino  rats  (Charles 
River  CD  strain)  dosed. 


6.  Conclusions 

The  sample  as  received  was  basic  (pH  11.7)  and  contained  the 
equivalent  of  21  mg  NaOH/ml.  A homogenous  aliquot  contained  0.8Z  aluminum 
and  17.37o  sodium.  The  initial  total  reducible  NO2  content  was  0.39  mg 
NO;^/ml,  The  inorganic  nitrite  content  was  0.033  mg/ml  and  the  nitrite  con- 
tent was  0.17  mg/ml.  Thus  the  covalently  bound  NO2  content  is  similar  to 
the  inorganic  NO^  plus  NO^  content.  High  pressure  liquid  chromatography 
(HPLC)  was  particularly  useful  for  monitoring  nonvolatile  ultraviolet 
absorbing  compounds.  No  trinitroresorcinol  (<  0.01%)  was  observed  in  the 
waste  sample.  There  are  at  least  four  uncharacterized  ultraviolet  absorbing 
components  by  HPLC.  Thin- layer  chromatography  also  indicated  the  absence 
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of  trlnltroresorcinol,  but  did  not  show  as  many  minor  components  as  seen 
by  HPLC.  Gas  chromatography  on  an  OV'l  column  did  not  indicate  the  presence 
of  any  volatile  components. 

The  desensitized  trlnltroresorcinol  was  concentrated  and  neutralized 
and  found  to  be  nonirritating  to  rabbits  and  nontoxic  to  rats  and  mice  after 
oral  administration. 

7.  Recommendations 

Because  of  the  lack  of  irritancy  and  toxicity,  no  further  toxicolog- 
ical research  is  warranted.  Samples  should  be  taken  periodically  and 
characterized  by  high  pressure  liquid  chromatography  to  insure  no  significant 
variations  in  composition. 


F. 


Desensltizatlon  "Blank" 


I , Introduction 


The  sample  is  a mixture  of  water,  sodium  hydroxide  and  aluminum. 
1.  Sample  Preparation 

The  following  procedure  was  used  by  the  Army  for  preparation  of 

the  blank: 


a.  To  4 liters  of  water  containing  258  g of  NaOH  was  added 
129  g of  atomized  aluminum  during  a 40-minute  period. 

b.  The  solution  was  heated  at  82°  to  85°  for  4 hours  by  inject- 
ing steam. 


c.  The  final  volume  was  6.8  liters. 


d.  The  pH  of  the  solution  was  13.1. 


3 . Sample  Concentration  for  Acute  Toxicity  Studies 

a.  Sample  description:  The  sample  was  a translucent  white 

suspension.  The  sample  was  shaken  vigorously  before  removing  an  aliquot. 
The  pH  was  11.6. 


b.  Concentration:  The  approximate  concentration  of  dissolved 

solids  per  ml  was  determined  prior  to  concentration.  A 10  ml  aliquot  was 
reduced  to  dryness  under  20  mm  Hg  vacuum  at  50°  to  60°.  As  received  the  con- 
centration of  dissolved  solids  was  90  mg/ml. 

The  concentration  of  dissolved  solids  was  now  adjusted  by 
solvent  removal  under  20  mm  Hg  vacuum  at  50  to  60°.  After  concentration 
the  pH  was  adjusted  to  7.2  by  addition  of  acetic  acid.  Addition  of  acetic 
acid  caused  the  solution  to  become  viscous.  The  final  concentration  of  dis- 
solved solids  was  205  mg/ml.  The  concentration  factor  was  2.28. 

4.  Chemical  Assays  and  "FinKerprinting" 

a.  Alkalinity : The  sample  supernatant  as  received  required 

0.925  meq  of  HCl./ml  of  sample  to  neutralize  it.  This  alkalinity  cor- 
responds to  37  mg  NaOH/ml. 
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b.  Metal  content:  The  sample  as  received  contained  the  fol- 

InwlnK  concentrations  of  metals. 

y 


Metal 

% in  Supernatant 

% in  Precl 

Aluminum 

0.65 

65.7 

Antimony 

< 0.0005 

0.025 

Barium 

< 0.0002 

0.025 

Calcium 

0.0010 

0.062 

Lead 

< 0.0005 

0.016 

Magnesium 

< 0.0001 

0.032 

Sodium 

2.06 

1.1 

a/  The  sample  was  removed  by  spatula  and  dried  2 hours  at  100°C. 


0.  Roducibli*  N(>2  content:  The  concentration  of  reducible 

NO2  groups  was  determined  by  the  method  of  Sellg.J/  'Hits  procedure  will 
determine  the  presence  of  aliphatic  nitrates,  aliphatic  nitrites,  aromatic 
nltro  groups  and  Inorganic  nitrite  and  nitrate  ions. 


The  reducible  NO2  content  of  the  supernatant  when  assayed  on 
20  May  1975,  and  again  41  days  later  was  also  negative. 

d.  Sulfate  content:  The  concentration  of  ionic  sulfate  was 

determined  by  an  automated  methylthymol  blue  method  described  by  the  Environ- 
mental Protection  Agency .£/  The  sulfate  content  of  the  supernatant  as  re- 
ceived was  0.00  mg  SO^/ml  of  sample. 

e.  Inorganic  nitrate  and  nitrite  content:  The  inorganic 

nitrate  and  nitrite  contents  were  determined  by  the  cadmium  reduction  method 
described  by  the  Environmental  Protection  Agency.!/  The  nitrate  and  nitrite 
contents  of  the  supernatant  as  received  were  0.00  mg/ml. 


f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid  and  thin- layer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography;  The  sample  supernatant 
was  studied  using  the  following  conditions: 


Instrument:  Waters  Associates  301  equipped  with  254 

nm  UV  detector. 

Column:  Porasil  AX,  2 ft  x 1/8  in. 

Solvent:  100%  CH^CN  programmed  to  60%  H2O  in  30 

minutes  using  solvent  program  No.  6. 
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Flow  rate:  1 ml/inln. 


No  peaks  were  observed. 

(2)  Gas  chromatography:  The  sample  was  studied  by  nas 

chromatography  as  described  below: 

Column:  Glass,  6 ft  x 1/4  in.,  YL  OV-1  on  gas 

chromatography . 

Instrument:  Bendix  2500  equipped  with  flame  Ioni- 

zation detector. 

Flow  rate:  30  cc  N2/mln. 

Column  temperature:  Start  at  100°C  and  heat  at 

5°/mln  to  250“C. 

Injection  port:  200®C 

Detector  temperature:  200“C 

No  peaks  were  observed. 

(3)  Thin-layer  chromatography:  The  sample  was  studied 

by  thin-layer  chromatography. 

Plate:  Brlnkmann  Silica  Gel  F-254. 

Solvent  system:  acetone  saturated  with  ammonium 

acetate. 

Material  spotted:  20  pi  of  sample  having  a dls- 


solved  content  of  205  pg/pl. 

Detection: 

(a) 

Visual 

(b) 

UV-254  nm 

(c) 

Spray  with  1%  dlphenylamlne  In 
95X  ethanol  followed  by  UV  Irradi- 
ation. 

The  sample 

showed  no  spots. 

g.  Spectral  characterization:  The  sample  was  studied  by  In- 

frared, ultraviolet  and  visible  spectroscopy. 

(1)  Infrared  spectrum;  A vacuum-dried  sample  In  KBr 
showed  broad  bands  at  3300  and  1020  cm~^. 

(2)  Ultraviolet  spectrum;  An  undiluted  sample  showed 
a maximum  at  265  nm  (absorbance  0.11). 

(3)  Visible  spectrum;  No  peaks  were  observed  In  the 

range  400  to  800  nm. 
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5.  Acute  Toxicity 


Animal  tests  were  performed  on  the  neutralized  concentrated  desen- 
sitizution  blank.  The  material  contained  203  mK  sollds/ml. 

a.  Skin  and  eye  lrrtt.it  Ion:  The  primary  akin  and  eve  Irri- 
tations wi-re  determined  by  the  Dralze  procedure^^  uslnn  six  New  Zealand  white 
rabbits.  The  desensltizatlon  blank  gave  negative  results  on  the  eye  Irri- 
tation test  and  a score  of  0.08  on  the  skin  irritation  test.  This  is  well 
below  the  0.20  score  required  for  a "mild  irritant"  rating,  so  the  blank  is 
nonirritating. 


b.  Oral  toxicity:  The  desensltizatlon  blank  given  orally  in 

water  at  3 g/kg  killed  none  of  three  male  albino  mice  (Charles  River  CD-I 
strain)  and  none  of  three  male  albino  rats  (Charles  River  CD  strain) . When 
given  to  a first  group  of  three  female  rats,  one  died  during  the  first  night. 
None  of  a second  group  of  three  females  died.  The  death  is  not  treatment 
related. 


6.  Conclusions 


The  sample  as  received  was  basic  (pH  11.6)  and  contained  the  equiva- 
lent of  37  mg  NaOH/ml.  The  supernatant  contained  0.63%  aluminum  and  2%  so- 
dium. The  precipitate  contained  66%  aluminum  and  1.1%  sodium.  Chromatographic 
techniques  showed  no  organic  impurities. 

The  concentrated,  neutralized  desensltizatlon  "blank"  was  nonirri- 
tating and  nontoxic  in  animals.  Adverse  effects  observed  in  testing  desen- 
sitized compounds  can  be  assumed  to  be  due  to  the  compound  itself,  not  the 
desensitization  materials. 
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G.  Wastewater  from  Tetrazene  Production 


1 . Introduction 


a.  Sample  origin:  The  sample  Is  wastewater  produced  during 

the  manufacture  of  tetrazene  at  Lake  City  Army  Ammunition  Plant,  Building 
85.  Three  samples  were  studied.  The  first  shipment  was  sampled  by  the 
Army.  Two  later  lots  were  sampled  and  shipped  by  MRI. 

b.  Chemical  and  toxicological  literature:  See  section  A on 

tetrazene. 


2.  Production  Methods 


a.  Production  of  wastewaters:  The  production  and  generation 

of  wastewaters  have  been  summarized  by  Small  and  Rosenblatt—^  and  are  given 
below; 


"To  produce  tetrazene,  a 65  liter  solution  of  26.2  lb  amino- 
guanldlne  bicarbonate  In  dilute  sulfuric  acid  Is  mixed  with 
15  liters  of  solution  containing  22.5  lb  sodium  nitrite. 

Tetrazene  precipitates,  and  Its  further  processing  Is  simi- 
lar to  that  used  for  lead  styphnate.  However,  the  collected 
mother  liquors  (previously  neutralized  with  sodium  carbonate) 
and  washwaters  are  simply  boiled  after  collection.  The 
wastes  are  then  routed  to  the  lead  styphnate  lagoons.  The 
tetrazene  yield  Is  about  16  Ib/batch,  which  Indicates  87% 
conversion.  It  Is  assumed  that  the  remainder  is  lost  pro- 
duct, or  about  2.4  lb  tetrazene/batch. " 

b.  Fractionation  of  wastewaters:  Toxicological  study  indi- 

cated that  the  concentrated  supernatant  of  Lot  3 wastewater  from  tetrazene 
production  was  more  toxic  than  the  precipitate  (see  Section  5b(2)  below). 
Therefore  the  supernatant  was  further  fractionated. 

A quantity  of  Lot  3 supernatant  was  centrifuged,  decanted,  and 
dried  in  vacuo.  Four  grams  of  supernatant  solids  were  chromatographed  on 
225  g of  silica  gel  G (Brinkmann  70  to  230  mesh)  In  10%  CH^OH/CHCl^  using 
a 4 x 40  cm  column.  The  column  was  eluted  progressively  with  1,000  ml  10% 
CH3OH/CHCI3,  500  ml  20%  CH3OH/CHCI3,  500  ml  30%  CH3OH/CHCI3,  500  ml  40% 
CH3OH/CHCI3  and  2,000  ml  50%  CH3OH/CHCI3.  The  first  1,000  ml  left  no  resi- 
due on  evaporation.  Forty  ml  fractions  were  collected  and  monitored  using 
thin-layer  chromatography  on  silica  gel  60  F-254  using  50%  CH3OH/CHCI3  with 
UV  and  nlnhydrin  spray  for  detection.  The  results  were: 
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Fraction 

UV  (Rf) 

Nlnhydrin  (Rf)  Mg, 

, Approximate 

1 to  14 

0.8 

no  spot 

20 

15  to  20 

0.8  and  0.67 

no  spot 

10 

21  to  32 

0.8  and  0.67 

white  spot  0.67 
yellow  spot  0.62 
red  spot  origin 

20 

33  to  35 

0.8  and  0.67 

white  spot  0.67 
yellow  spot  0.62 
red  spot  origin 

20 

36  to  40 

0.67 

red  spot  origin 

205./ 

41  to  55  ■ 

- (Fractions  were  combined  and  the  solvent  removed  in  vacuo. 
CH3OH  was  added  to  Just  dissolve  the  residue.  CH3CI  was 
added  dropwise  until  the  precipitate  stopped  forming.  The 
precipitate  was  removed  by  filtration  (41-55  S)  and  the 
filtrate  (41-55  L)  dried  in  vacuo.) 

41-55  S 

0.73  and  0.64 

no  spot 

20 

41-55  L 

0.47 

no  spot 

300 

56 

0.71,  0.57  and  0 

.21 

red  spot  0.73 
white  spot  0.57 

10 

57  to  63 

- Treated 

same  as  41  to  55 

to  give  57-63  S and  57-63  L. 

57-63  S 

0.46 

no  spot 

10 

57-63  L 

0.32 

yellow  spot  0.32 

100 

64 

0.32  and  origin 

2 orange  spots,  0.32 
and  origin 

10 

65-end  of 

column 

0.32  and  origin 

2 orange  spots,  0.32 
and  origin 

20 

a/  During  attempted  weighing  this  sample  exploded  causing  minor  operator 
injury. 

The  combined  41-46  L fraction  gave  about  300  mg  of  material  and  the 
combined  57-63  L fractions  gave  about  100  mg  of  material;  these  two  fractions 
were  used  for  chemical  characterization  and  toxicological  studies  as  described 
below.  The  other  fractions  totaled  about  160  mg.  Thus  about  8SZ  of  the  total 
sample  was  not  eluted  from  the  column  with  the  strongest  solvent. 
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3.  Sample  Concentration  Procedure  for  Acute  Toxicity  Studies 


a.  Sample  description:  The  three  samples  studied  were  light 

brown  and  contained  no  precipitate.  The  samples  were  used  as  received. 

Their  pH  was  in  the  range  of  7 to  8. 

b.  Concentration:  The  approximate  concentration  of  dissolved 

sollds/ml  was  determined  prior  to  concentration.  A 10-ml  aliquot  was  re- 
duced to  dryness  under  20  mm  Hg  vacuum  at  50“  to  60“ . As  received,  the  con- 
centration of  dissolved  solids  in  lx>t  1 was  0.8  mg/ml.  The  concentration 

of  dissolved  solids  in  this  first  lot  of  tetrazene  waste  (Lot  1)  was  too 
low  to  be  useful.  Two  more  lots  of  wastewater  (Lots  2 and  3)  were  obtained. 
Only  Lots  2 and  3 were  used  in  animal  studies.  The  initial  concentration  in 
Lot  2 was  6 rag  dissolved  sollds/ml.  The  initial  concentration  in  Ixit  3 was 
12  mg/ml. 


The  concentration  of  dissolved  solids  was  adjusted  by  solvent 
removal  under  20  mm  Hg  vacuum  at  50“  to  60“ . On  solvent  removal,  a light 
brown  turbid  solution  resulted.  The  final  concentration  of  dissolved  plus 
suspended  solids  in  Lot  2 and  Lot  3 was  100  mg/ml.  The  pH  of  Lot  2 and  3 
as  concentrated  was  7.3  and  7.6,  respectively. 

One  percent  carboxymethyl  cellulose  ether  sodium  salt  was 
added  to  the  concentrated  Lots  2 and  3 samples  to  hold  the  precipitate  in 
solution . 


c.  Distillate  examination:  The  distillate  resulting  from 

sample  concentration  was  studied  by  gas  chromatography,  thin-layer  chroma- 
tography and  ultraviolet  spectroscopy  for  the  presence  of  components  other 
than  water.  The  techniques  used  are  described  below  under  Section  A, 
Chemical  Assays.  No  other  components  were  detected  in  the  distillate. 

4.  Chemical  Assays  and  "Fingerprinting" 

a.  Unfractionated  wastewaters:  The  unfractionated  waste- 

waters  from  tetrazene  production  were  assayed  and  "fingerprinted"  as  fol- 
lows : 


(1)  Alkalinity : The  samples  as  received  were  in  the  pH 

range  of  7 Co  8 and  therefore  were  used  unchanged. 

(2)  Metal  content:  Only  Lot  1 was  assayed  for  metal  con- 

tent. As  received,  it  contained  < 0.004%  of  aluminum,  antimony,  barium, 
calcium,  lead,  or  magnesium. 
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(3)  Reducible  NO?  content : The  concentration  of  reduci- 

ble NO2  groups  was  determined  by  the  method  of  Selig.2^  This  procedure  will 
determine  the  presence  of  aliphatic  nitrates,  aliphatic  nitrites,  aromatic 
nitroso  and  nitro  groups,  as  well  as  Inorganic  nitrite  and  nitrate  ions.  Al- 
though a number  of  functionalities  are  detected  simultaneously,  the  results 
are  expressed  in  terms  of  mg  NO2  iot  comparison  purposes.  The  nonspecificity 
of  the  assay  can  be  considered  an  advantage  since  when  combined  with  the 
inorganic  NO2  and  NO3  assays,  the  covalently  bound  NO2  content  can  be  esti- 
mated. 


After  concentrating  to  100  mg/ml,  Lot  2 supernatant  had 
a reducible  NO2  content  of  4.26  mg/ml.  Lot  2 precipitate  had  a reducible 
NO2  content  of  47  mg/g  of  precipitate.  The  precipitate  was  obtained  by  cen- 
trifugation and  vacuum  drying. 

After  concentrating  to  100  mg/ml.  Lot  3 supernatant  had 
a reducible  NO2  content  of  5.23  mg/ml.  Lot  3 precipitate  also  had  a reduci- 
ble NO2  content  of  47  mg/g  precipitate. 

(4)  Sulfate  content;  The  concentration  of  ionic  sulfate 
was  determined  by  an  automated  methylthymol  blue  method  described  by  the 
Environmental  Protection  Agency The  sulfate  content  of  Lot  2 after  con- 
centration to  100  mg  total  solids/ml  was  4.4  mg  SO^/ml  and  that  of  Lot  3 
was  43  mg/ml. 


(5)  Inorganic  nitrate  and  nitrite  content:  The  inor- 

ganic nitrate  and  nitrite  content  was  determined  by  the  cadmium  reduction 
method  described  by  the  Environmental  Protection  Agency After  concen- 
trating the  sample  to  100  mg  total  solids/ml,  the  nitrate  and  nitrite  con- 
tents of  the  supernatant  of  Lot  2 were  2.7  mg/ml  and  1.0  mg/ml,  respectively. 
Similarly,  the  nitrate  and  nitrite  contents  of  the  supernatant  of  Lot  3 were 
6.7  mg/ml  and  18.9  mg/ml,  respectively. 

(6)  Chromatographic  characterization:  The  samples  were 

studied  by  gas,  liquid  and  thin- layer  chromatography.  The  primary  purpose 

of  this  work  was  to  provide  chromatographic  "fingerprints"  of  the  samples. 

(a)  Liquid  chromatography:  The  samples  were  studied 

as  described  below: 


Instrument:  Waters  Associates  301  equipped  with 

235  nm  Schoeffel  770  UV  detector. 
Column:  Porasil  AX,  2 ft  x 1/3  in. 

Solvent:  1007L  CH^CN  programmed  to  60%  H2O  in 

30  minutes  using  linear  solvent  pro- 
gram No.  6. 
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Flow  rate:  1 ml/min. 


U)t  1 showed  peaks  at  1.6  and  2.76  inlnutfs. 
Tetra/.ene  had  a relent  Ion  time  of  1.6  minutes  and  tetrazole  had  a retention 
time  of  2.76  minutes.  Lot  2 supernatant  showed  peaks  with  retention  times 
of  1.6,  2.76,  5.51,  23.6,  29.5,  31.5  and  32.7  minutes.  lx)t  2 precipitate 
chromatogram  was  similar  to  the  supernatant.  A sample  of  5-amlnotetrazole 
had  a retention  time  of  5.51  minutes.  Lot  3 supernatant  showed  peaks  with 
retention  times  of  2.76,  5.51,  18.1,  22.0,  25.2  and  37.4  minutes. 

(b)  Gas  chromatography:  The  samples  were  studied 

by  gas  chromatography  as  described  below: 

Instrument:  Bendlx  2500  equipped  with  flame 

Ionization  detector. 

Column:  glass,  6 ft  x 1/4  In. 

(1)  3%  OV-1  on  Gas  Chrom  Q. 

(11)  1.5%  DCLSX- 3-0295  and  1.5%  GE  XE-60 

on  Gas  Chrom  Q. 

Flow  rate:  30  cc  N2/mln. 

Column  temperature:  Start  at  lOCC  and  heat 

to  5Vmln  to  250“C. 

Injection  port:  200®C 

Detector  temperature:  200“C 

Only  Lot  1 was  studied.  Using  Column  (1),  no 
peaks  were  observed.  Using  Column  (11),  a single  broad  peak  was  observed  at 
8 minutes.  A veference  sample  of  1-H-tetrazole  had  a retention  time  of  7 
minutes  on  Column  (11).  No  peak  was  observed  for  5-amlnotetrazole  or  tetra- 
zene  on  either  column. 

(c)  Thin-layer  chromatography:  Lot  2 sample  was 

studied  as  described  below: 


Plate:  Brlnkmann  Silica  Gel  F-254. 

Solvent  system:  95%  ethanol/conc.  NH^OH  (4:1). 

Material  spotted:  5,  1,  0.5  pg  5-amlnotetrazole 

(10%  HCl). 

10  pg  cyanamide  (acetone) . 

500  pg  of  dissolved  solids. 
(H2O) 

Detection:  (i)  UV-254  nm. 

(11)  Spray  with  nlnhydrln  and  heat. 
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UV  light  showed  spots  at  Rf  0.54,  0.56  and 
0.67.  The  references  showed  no  spot  for  cyanamide  and  a faint  spot  for 
5-amlnotetrazole  (Rf  0.0).  With  ninhydrln,  the  homogenous  sample  showed 
spots  at  Rf  0.0  to  0.15  (pink),  0.2  to  0.4  (purple),  0.48  (white),  0.54 
(white),  0.60  (pink),  0.63  (pink)  and  0.66  (yellow).  Cyanamide  gave  a white 
apot  at  0.77  and  5-amlnotetrazole  remained  at  the  origin  (pink). 


below : 


(d)  Lots  2 and  3 samples  were  studied  as  described 


Plate:  Brinkmann  Silica  Gel  F-254 

Solvent  system:  CHCl^^CH-jOH  (1:1). 

Material  spotted:  10  ug  5-aminotetrazole. 

10  pg  1-H-tetrazole. 

10  pg  cyanamide. 

4 pi  concentrated  Lot  2 
(100  pg/pl) . 

1 pi  concentrated  Lot  3 
(332  pg/pl). 

Detection:  UV-254  nm. 

ninhydrln  spray. 

On  detc<'tlon  with  UV  (254  nm)  no  spots  were 
observed  for  the  5-aminotetrazole,  1-H-i.atrazole  or  cyanamide  references. 

Lot  2 showed  spots  at  R£  0.08,  0.36,  0.42  and  0.58.  Lot  3 showed  spots  at 
Rj  0.05,  0.21  and  0.47. 

On  detection  with  ninhydrln,  5-aminotetrazole 
gave  a light  pink  spot  at  Rf  0.37,  1-H-tetrazole  gave  a pink  spot  at  R^  0.03 
and  cyanamide  gave  a white  spot  at  Rf  0.58.  Lot  2 showed  a white  streak 
from  the  origin  to  Rf  0.36  and  an  orange  spot  at  Rf  0.42.  Lot  3 showed  a 
white  streak  from  the  origin  to  Rf  0.15,  a yellow  spot  at  Rf  0.21  and  a 
white  streak  from  Rf  0.27  to  0.44. 

(7)  Spectral  characterization:  Lots  2 and  3 were  studied 

by  infrared,  ultraviolet  and  visible  spectroscopy. 

(a)  Infrared  spectrum:  A vacuum-dried  sample  of 

Lot  2 in  KBr  showed  bands  at  3450  (s) , 2160  (s) , 1685  (s),  1630  (m) , 1480  (m) , 
1420  (w),  1140  (s),  810  (w),  680  (m) , 510  (m)  and  470  (m)  cm'^. 

A vacuum-dried  sample  of  Lot  3 in  KBr  showed  bands 
at  3440  (broad,  s),  2160  (m),  1690  (w),  1560  (m) , 1470  (m) , 1260  (s),  1150  (s), 
850  (m) , 830  (m)  and  620  (m)  cm”l.  The  band  at  2160  cm“^  was  less  intense  in 
Lot  3 than  in  Lot  2. 
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(b)  Ultraviolet  spectrum:  Lot  2 as  received  showed 

no  peaks  above  230  nm.  With  a 20-fold  dilution  in  water  the  absorbance  at 
230  nm  was  0.91.  Lot  3 as  received  with  a dilution  of  333  showed  a peak  at 
2(i(>  nm  with  a broad  shoulder  extendinji  to  about  320  nm.  The  absorbance  at 
230  nm  was  2.7  as  it  neared  end  absorption. 

(c)  Visible  spectrum:  For  Lot  2 as  received, 

no  peaks  above  0.1  absorbance  were  observed  in  the  range  of  400  to  800  nm. 

For  Lot  3 as  received,  no  peaks  were  observed  in  the  range  of  400  to  800  nm. 

A shoulder  leading  to  the  UV  region  was  observed.  With  a dilution  of  200, 
the  absorbance  at  400  nm  was  0.23. 

(8)  Similarities  between  Lots  2 and  3 : 


7 to  8. 


(a)  Alkalinity:  Both  lots  are  in  the  pH  range 


(b)  Reducible  NO2  content:  The  reducible  NO2  con- 

tents of  the  lots  were  similar  after  concentration. 

(c)  Inorganic  nitrate  and  nitrite  content:  The 

nitrate  and  nitrite  content  in  Lot  3 was  slightly  higher. 

(d)  Infrared  spectrum:  A band  at  2160  cm“^,  usually 

associated  with  the  isonltrlle  groupl^^  or  azide  group, was  present  In 
both  lots. 

(e)  Visible  spectrum:  Lots  2 and  3 showed  no  sig- 

nificant peaks  in  the  visible  spectrum. 

(9)  Differences  between  Lots  2 and  3: 

(a)  Initial  concentration:  Lot  3 as  received  had 

twice  the  dissolved  solids  content  of  Lot  2. 

(b)  Sulfate  content:  After  concentration  the  Lot 

3 sulfate  content  was  about  10  times  that  of  Lot  2. 

(c)  Liquid  chromatograph  pattern;  The  HPLC  traces 
show  major  qualitative  and  quantitative  differences.  In  Lot  2 by  peak  area 
comparison,  the  compounds  eluting  at  2.76  and  23.6  minutes  are  the  major  com- 
ponents with  the  peak  at  23.6  minutes  about  5 times  the  area  of  the  2.76 
minutes  peak.  In  Lot  3 by  peak  area  comparison  the  compounds  at  2.76  and 
27.4  minutes  are  the  major  components  with  about  an  equal  distribution  of 
peak  area.  By  comparison,  1-H-tetrazole  has  a retention  time  of  2.76  min- 
utes; however,  this  should  not  be  considered  a positive  identification. 
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(d)  Thin-layer  pattern:  Qualitative  differences 

were  noted;  however,  the  HPLC  pattern  (see  c.)  gives  better  resolution  of 
the  components . 

(e)  Infrared  spectrum:  A band  at  2160  cm  usually 

associated  with  the  Isonltrlle  group^^  or  azide  groiip^/ , was  more  intense 

In  Lot  2 than  In  Lot  3.  There  were  many  differences  in  the  spectra  below 
1500  cm-1. 

(f)  Ultraviolet  spectrum:  Lot  2 showed  no  signi- 

ficant absorption  above  230  nm.  Lot  3 showed  a peak  at  266  nm  with  a broad 
shoulder  extending  to  about  320  nm. 


b.  Fractions  from  wastewaters:  The  Isolated  fractions  41-55  L 

and  57-63  L were  characterized  by  methods  similar  to  those  used  above. 


(1)  Fraction  41-55  L; 

(a)  Description:  The  sample  is  dark  red,  semicrys- 


talline and  hydroscopic. 


146", 


(b)  Capillary  melting  point:  Decomposed  at  about 


(c)  Infrared  spectrum:  Absorptions  were  observed 

at  3500  (broad,  s),  2160  (m) , 1665  (broad,  m) , 1480  (w) , 1270  (s),  and  840 
(w)  cm“^. 


(d)  Ultraviolet : No  absorption  maximum  was  observed 


above  230  nm. 


(e)  Mass  spectrum;  The  sample  was  studied  using 
an  Atlas  CH4  operating  at  70  eV.  Spectra  were  taken  at  20°  Intervals  while 
raising  the  temperature  from  30°  to  400°C.  The  spectrum  changed  drastically 
for  each  20°  Interval,  making  the  data  of  minimal  use  for  structural  identi- 
fication. 


(f )  Thin-layer  chromatography: 

Plate:  Silica  Gel  F-254. 

Solvent  system:  CH3OH/CHCI3  (1:1). 

Detection:  (i)  UV  254  nm. 

(ii)  ninhydrin 

Material  spotted:  100  ug  fraction  41-55  L. 
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The  UV  light  showed  one  spot  at  Rp  0.47.  The 
nlnhydrln  spray  showed  no  spots. 

(g)  Kle_men_^il  analysts : The  sample  contained  i.7I  7. 

C,  2.67%  H and  28.50%  N by  combustion  analysts. 

(h)  Otscusston  of  characterization  data:  Fraction 

41-55  L has  not  been  Identified.  Thin-layer  chromatography  indicates  the 
sample  to  be  reasonably  pure,  however  verification  is  needed  before  one  can 
interpret  the  elemental  analysis.  The  IR  band  at  2160  cm~^  (4.63  p)  is  pro- 
bably due  to  an  azide  group. 

(2)  Fraction  57-63  L: 

(s)  Description : Light  brown  powder. 

(b)  Capillary  melting  point:  > 350“ 

(c)  Infrared  spectrum:  Absorptions  were  observed 

at  3500  (broad,  s),  1600  (m) , 1470  (m) , 1420  (w)  and  1270  (s)  cm'^. 

(d)  Ultrav lolet : An  absorption  maximum  was  observed 

at  303  nm  with  e|  = 204. 

(e)  Mass  spectrum:  The  sample  was  studied  using  an 

Atlas  CH4  operating  at  70  eV.  Spectra  were  taken  at  20“  intervals  while 
raising  the  temperature  from  30“  to  400“C.  The  spectrum  changed  drastically 
for  each  20“  interval,  making  the  data  of  minimal  use  for  structural  identi- 
fication. 

(f)  Thin-layer  chromatography: 

Plate:  Silica  Gel  F-254. 

Solvent  system:  CH30H/CHC13  (1:1). 

Detection:  (1)  UV-254  nm. 

(11)  ninhydrln 

Material  spotted:  100  pg  Fraction  57-63  L. 

The  UV  light  showed  one  spot  at  Rf  0.32.  The 
ninhydrin  spray  showed  a yellow  spot  at  Rf  0.32. 

(g)  Elemental  analysis:  The  sample  contained 

7.36%  C,  2.45%  H and  36.44%  N by  combustion  analysis. 


48 


(h)  Discussion  of  Hwt  rn('l  im"  I zaL  Ion  data;  Krartlon 
57-63  I-  has  not  been  Identified.  Thin-layer  chromaton rapliy  indicates  the 
sample  to  be  reasonably  pure,  however  verification  is  needed  before  one  can 
Interpret  the  elemental  analysis.  The  UV  data  indicate  considerable  con- 
jugation (\  max  303  nm) . This  absorption  maximum  is  probably  not  due  to  the 
tetrazole  ring  since  tetrazene,  5-amlnotetrazole  and  1-H-tetrazole  do  not 
have  a significant  extention  coefficient  above  230  nm. 

5.  Acute  Toxicity 

Various  lots  were  tested  for  acute  toxicity.  The  samples  tested 
contained  100  mg  solids/ml,  and  were  diluted  as  necessary  for  the  specific 
study . 


a.  Skin  and  eye  irritation:  The  primary  skin  and  eye  irri- 

t. It  ions  were  determined  by  the  Draize  procedure^^  using  six  New  Zealand  white 
rabbits.  Lot  3 of  the  tetrazene  wastewater  was  nonirritating  in  the  eye  test 
and  scored  0.00  in  the  skin  test.  Other  samples  were  nut  tested,  because  of 
these  negative  results  and  because  of  insufficient  quantity. 

b.  Oral  toxicity:  As  described  below,  various  lots  and  frac- 

tions were  tested  for  acute  oral  toxicity  in  albino  rats  (Charles  River  CD 
strain)  and/or  albino  mice  (Charles  River  CD-I  strain).  LD5q's  were  calcu- 
lated by  the  probit  method  of  Finney!./  adapted  for  computer. 

(1)  Toxicity  of  Lot  2:  Because  insufficient  quantity 

of  Lot  2,  this  Lot  was  tested  only  in  female  albino  rats.  Eight  of  nine 
rats  given  5 g sollds/kg  body  weight  orally  in  water  died  (see  Table  3). 

Both  rats  given  4 g/kg  died,  but  both  given  3 g/kg  survived.  Therefore, 
the  LD50  fs  estimated  to  be  3.5  g/kg. 

(2)  Toxicity  of  Lot  3:  Ixjt  3 wa.s  much  more  toxic  than 

Ixit  2.  As  shown  In  Tables  3 and  4,  the  LD^q's  (with  95%  confidence  limits) 
of  Lot  3 were  0.622  (0.568  to  0.664)  g sollds/kg  body  weight  in  male  rats  and 
0.311  (0.262  to  0.371  ) g/kg  in  female  rats.  This  sex  difference  Is  signifi- 
cant and  probably  results  from  sex  differences  in  the  metabolism  of  the  toxic 
compounds.  The  tetrazene  wastewater  was  somewhat  less  toxic  to  mice,  with 
LD50's  of  0.711  (0.589  to  0.845)  g/kg  in  males  and  0.805  (0.705  to  0.875)  g/kg 
in  females.  This  sex  difference  in  mice  is  not  significant.  All  animals 
died  on  the  first  day  with  no  apparent  symptoms  except  depression  or  survived 
the  entire  14  days  of  observation. 
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TABLE  3 


ACUTE  ORAL  LDsq'S  OF  EXTRACTS  OF  TETRAZENE  WASTEWATERS  IN  RATS 


Dose 

(r  solids/kn  body  weight) 

(Lot  2) 

5.0 

4.0 

3.0 

(Lot  3) 

0.75 

0.70 

0.65 

0.60 

0.55 

0.50 

0.40 

0.35 

0.30 

0.25 

0.20 

LDjq  (g/kg) 

957.  Confidence  Limits 
(g/kg) 

Slope  ± Standard  Error 


ND  ■ Not  Determined. 


Mortality 


Male 

Ferns le 

ND 

8/9 

ND 

2/2 

ND 

0/2 

5/5 

ND 

5/6 

ND 

3/5 

5/5 

3/5 

5/5 

0/5 

5/5 

0/5 

ND 

0/5 

4/5 

ND 

4/5 

ND 

2/5 

ND 

1/5 

ND 

0/5 

0.622 

0.311 

0.568-0.664 

0.262-0.371 

10.4  ± 3.4 

4.5  i 1.5 
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TABLE  4 


ACUTE  ORAL  LDsq'S  OF  EXTRACTS 

OF  TETRAZENE  WASTEWATERS 

IN  MICE 

Dose 

(k  sollds/kK  body  welKht) 

Mortality 

Male 

F ema 1 e 

1.2 

5/5 

ND 

1.0 

4/5 

5/5 

0.9 

MD 

3/5 

0.85 

NO 

4/5 

0.8 

4/5 

2/5 

0.75 

ND 

2/5 

0.7 

2/5 

ND 

0.6 

2/5 

0/10 

0.5 

0/5 

0/5 

LD50 

0.711 

0.805 

957.  Confidence  Limits 
(g/kg) 

0.589-0.845  0 

.705-0.875 

Slope  ± Standard  Error 

3.9  ± 1.2 

7.4  ± 2.6 

ND  ■ Not  Determined. 
All  data  usinK  l>ot  3. 
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since  this  lot,  as  received  contained  12  mn/ml  tot.il 
solids,  the  required  volume  to  pr»)duce  h05Q  In  female  rats  was  about  25  ml/k^. 
Kxt rapolnted  to  a 70  kn  man,  this  Is  about  2 qt . The-  required  volumes  to 
produce  hO^o  In  male  rats  and  male  and  female  mice  were  even  greater.  While 
unfit  for  drinking,  the  wastewater  Is  not  a severe  acute  hazard  to  the  workers. 

(3)  Toxicity  of  Lot  3 fractions:  Since  the  tetrazene 

wastewater  samples  are  very  complex  mixtures,  an  attempt  was  made  to  identify 
the  more  toxic  components.  First,  a portion  of  Lot  3 was  separated  into 
supernatant  and  precipitate  by  centrifugation,  decantation  of  the  supernatant, 
and  vacuum-drying  of  the  precipitate.  Two  groups  of  four  albino  male  mice 
were  given  a single  oral  dose  of  0.5  g total  solids/kg  body  weight  in 
water  of  either  mixture.  The  mice  given  the  precipitate  were  unaffected. 

Those  given  the  supernatant  were  listless  and  unresponsive  for  several  hours 
but  did  not  die  within  14  days. 

A.s  described  In  Section  2b  .nbove,  the  lx)t  3 supern/it  .'iiit 
solids  were  fractionated  by  chromatography.  Two  fractions,  (41-55  I,  and 
57-f>3  L) , were  tested  in  male  mice.  A single  oral  dose  of  0.5  g of  total 
sollds/kg  of  body  weight  of  each  fraction  in  water  was  given  to  four  mice. 

Two  given  fraction  41-55  L and  one  given  57-63  L died  within  an  hour  of 
dosing;  none  died  thereafter.  From  these  data  and  their  abundance  in  the 
wastewater  it  is  concluded  that  these  two  fractions  have  LD5o’s  near  0.5  g/ 
kg  and  represent  much  of  the  toxicity  of  the  wastewater. 

6.  Conclusions 


The  wastewater  samples  received  were  significantly  different. 

High  pressure  liquid  chromatography  and  thin-layer  chromatography  are 
particularly  useful  in  characterizing  the  samples.  High  pressure  liquid 
chromatography  Indicated  the  presence  of  at  least  seven  components.  Lot  2 
was  moderately  toxic  after  oral  dosing;  Lot  3 was  nonirritating  to  rabbits 
but  more  toxic  to  rats.  The  toxicity  appears  to  be  due  to  two  characterized 
but  unidentified  components,  which  can  be  readily  monitored  by  high  pres- 
sure liquid  chromatography.  These  components  are  present  in  the  wastewater 
as  received  in  concentrations  of  0.9  and  0.3  mg/ml.  The  more  abundant  com- 
ponent probably  contains  an  azide  linkage.  By  IR  spectroscopy,  neither  of 
these  compounds  are  among  those  listed  in  the  attached  appendix. 21/ 

7 . Recommendations 


Further  work  is  warranted  due  to  the  toxicity  of  the  unknown  com- 
pounds in  the  wastoirater.  This  should  include: 
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a.  Devising  a better  fractionation  scheme  to  give  a better 

nuiss  balance. 

h.  Identifying  the  toxic  compoiindH. 

c.  Locating  the  source  of  the  toxic  compounds,  whether  In 
the  synthesis  or  in  later  steps.  High  pressure  liquid  chromatography  Is  the 
most  useful  technique  for  detecting  the  compounds. 

d.  Developing  a practical  method  of  cleaning  up  tetrazene 
wastewater.  This  may  eliminate  the  toxic  compounds  and  make  further  toxico- 
logical testing  unnecessary. 

e.  Devising  a practical  synthesis  of  the  toxic  compounds  so 
enough  can  be  made  for  long-term  toxicity  studies. 

f-  Carrying  out  appropriate  long-term  toxicity  studies  on 
the  appropriate  compounds. 
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APPKNDIX 


attached 
below:— ^ 


11>c  Infrared  npcctra  of  toxic  fractions  41-55  I,  and  57-61  I,  (see 
spectra)  are  different  from  the  spectra  of  the  compounds  listed 


1.  Sodium  azide 

2.  Guanyl  azide  nitrate 


NaN'i 


/NH2 


HN  - C 


•HNOi 


3.  Nitroguanyl  azide 


HN  “ C 


/NHNO2 


4.  Sodium  tetrazoyl  azide 


5.  Tetrazolyl  azide 


6.  Disodium  azotetrazole 
oentahydrate 


7.  Azidicarbamldine  dinitrate 


8.  Dlazoguanldine  cyanide 


N— N 

//  \\ 

Na 


N3 


N-N 

JJ 


N— N 

\n 

Na  Na 


HN.  ^NH 

^C-N-N-C  •2HNO3 

H2N  '^NH2 


HN-C 


NH-N-N-C«N 

NH2 
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9. 

l-Guanyl-A-nltrosoaminoguanyl-iso- 

tecrazene 

^NH 

/NH-NH-N-N-C'" 

HN-C  '^NH-NHNO 

^NH2 

10. 

Tetrazole 

N— N 
N 'C-H 

V 

N 

H 

11. 

NiCrourea 

/NHNO2 

0*C 

''NH2 

12. 

Nltroguanldlne 

/NHNO2 

HN-C 

^NH2 

13. 

Nltroamlnoguanidlne 

/NHNO2 

HN-C 

'"NHNH2 

lA. 

Nltrosoguanldine 

/NH-NO 

HN-C 

^NH2 

1 15. 

1 

S'Aminotetrazole 

N— N 
//  V' 

n^^c-nh, 

H 

16. 

Tetrazoyl  hydrazine 

N— N. 

H 

N ,C-NHNH2 

H 

17. 

S-Nicroamlnotetrazole 

N.  ^C-NHN02 
H 

18. 

Guanidine  nitrate 

/N»2 

HN-d  -HNOj 

^NHj 
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19.  Amlnoguanldlne  nitrate 


20.  Ulamlnoguanldlne  nitrate 


21.  Trlamlnoguanldlne  nitrate 


22.  Hydrazine  monohydrochlorlde 


HN-C 

\ 


/N«2 


•HN0-, 


NH. 


/NHNII2 

HN«C  ‘lINO-i 

\ 


NHNH2 

/NHNH2 

H N-N-C  -HNO 

^NHNH2 


3 
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Figure  4 - Sample  7,  Lot  3,  Fraction  47-55  L: 


H.  Wastewater  from  Primer  Mixture  KA  956  Frodiiction 


1 . Introduction 

The  sample  is  wastewater  produced  during  the  manufacture  of  primer 
mixture  KA  956  at  hake  City  Army  Ammunition  Plant,  Building  90C.  The  sample 
was  sampled  and  shipped  by  tlie  Army. 

2 . Production  Methods 

The  production  methods  and  wastewater  generation  procedures  have 
been  summarized  by  Small  and  Rosenblatti^  and  are  given  below: 

Because  of  the  high  explosive  hazard,  primer  mixtures  are  prepared 
in  small  quantities  and  used  rapidly  after  preparation.  To  prepare  the 
primers,  screened  ingredients  are  mixed  in  a blender.  There  is  no  definitive 
breakdown  of  primer  losses  in  formulation  or  use.  Lake  City  AAP  supervisory 
personnel  estimate  that  about  127.  of  the  amount  of  primer  used  in  small  arms 
ammunition  is  wasted.  Tliis  percentage  represents  primer  material  cleaned 
out  from  screens  and  blenders,  spills,  unused  or  dried-out  mixtures  and 
washdowns.  'I'he  wastewaters  with  primer  ingredients  are  dosed  witli  sodium 
hydroxide  and  aluminum  powder  and  then  heated.  The  primer-desensitized 
wastewaters  are  then  routed  to  the  LCAAP  industrial  wastewater  treatment 
plant  (IWTP)  where  they  contact  other  wastes  from  LCAAP  activities.  The 
IWTP  treatment  at  LCAAP  consists  of  aeration,  with  subsequent  skimming  to 
remove  oils  and  greases,  dosing  with  alum  and  lime  to  adjust  pH  and  promote 
flocculation,  and  settling  of  solids  from  effluent  prior  to  discharge  to 
surface  flow. 

3.  Sample  Concentration  for  Acute  Toxicity  Studies 

a.  Sample  description:  The  sample  was  a transparent  brown 

liquid  with  a small  amount  of  light  brown  finely  divided  precipitate.  The 
sample  was  shaken  vigorously  before  removing  an  aliquot.  The  pH  was  12.3. 

b.  C(}ncentration:  The  approximate  concentration  of  dissolved 

solids/ml  was  determined  prior  to  concentration.  A 10-ml  aliquot  was 
reduced  to  dryness  under  20  mm  Hg  vacuum  at  50“  to  60“,  As  received  the 
concentration  of  dissolved  solids  was  7.5  mg/ml. 

The  concentration  of  dissolved  solids  was  adjusted  by 
solvent  removal  under  20  mm  HG  vacuum  at  50  to  60“ . After  concentration 
the  pH  was  adjusted  to  7.2  by  addition  of  acetic  acid.  On  addition  of 
acetic  acid  the  solution  became  very  turbid.  The  final  concentration  of 
dissolved  plus  suspended  solids  was  153  mg/ml.  The  concentration  factor 
was  20,4. 
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c.  Distillate  examination:  The  distillate  resulting  from 

sample  concentration  was  studied  by  gas  chromatography,  thin-layer  chroma- 
tography, and  ultraviolet  spectroscopy  for  the  presence  of  components  other 
than  water.  The  techniques  used  are  described  under  Section  A,  Chemical 
Assays.  No  other  components  were  detected  in  the  distillate. 


A . Chemical  A.ssays  .ind  "f  i ngeriiriiiti  hk" 

a.  Alkalinity:  I'lu’  .sanij>le  supernaL.int  as  receivi-d  r«-f|iiirod 

0.0775  meq  of  HCl/ml  of  sample  to  neutralize  It.  This  alkalinity  corre- 
sponds to  3.1  mg  NaOH/ml . 

b.  Metal  content:  The  sample  as  received  contained  the 

following  concentrations  of  metals: 


Metal 

7.  in  Supernatant 

7.  in  Precipitate 

Aluminum 

0.080 

51.2 

Antimony 

0.0030 

0.A8 

Barium 

0.0007 

1.55 

Ca Icium 

0.0015 

CM 

c 

Lead 

0.0025 

A. A 

Magnesium 

< 0.0001 

0.  12 

Sodium 

0.170 

1.9 

c.  Reducible  NO9  content:  The  concentration  of  reducible 

NO2  group  is  determined  by  the  method  of  Sellg.— ^ This  procedure  determines 
the  presence  of  aliphatic  nitrates,  aliphatic  nitrites,  aromatic  nitro 
groups  and  inorganic  nitrite  and  nitrate  ions.  Although  a number  of  func- 
tionalities are  detected  simultaneously,  the  results  are  expressed  in  terms 
of  mg  NO2  for  comparison  purposes.  The  nonspecificity  of  the  assay  can  be 
considered  an  advantage  since,  when  combined  with  the  inorganic  NO2  and 

NO3  assays,  the  covalently  bound  NO2  content  can  be  estimated. 

The  reducible  NO2  content  of  the  supernatant  when  assayed 
on  21  May  1975  and  again  36  days  later  was  0.1  mg  N02/ml.  The  reducible 
NO2  content  of  the  precipitate  when  assayed  on  29  May  1975  and  again  3A 
days  later  was  0.00  g N02/g  precipitate. 

d.  Sulfate  content:  The  concentration  of  ionic  sulfate  was 

determined  by  an  automated  methyl  thymol  blue  method  described  by  the 
Environmental  Protection  Agency.—^  The  sulfate  content  of  the  supernatant 
as  received  was  0.28  mg  SO^/ml  of  sample. 
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e.  Inorganic  nitrate  and  nlLrlte  content:  The  inorganic 

nitrate  and  nitrite  contents  were  determined  by  the  cadmium  reduction  method 
described  by  the  Environmental  Protection  Agency.—^  The  nitrate  content  of 
the  supernatant  as  received  was  0.0044  mg/ml.  The  nitrite  content  of  the 
supernatant  as  received  was  0.0197  mg/ml. 

f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid,  and  thin-layer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(i)  Liquid  chromatography:  I'he  sample  supernatant  was 

studied  using  the  following  conditions: 

System  1 

Instrument:  Waters  Associates  301  equipped 

with  254  nra  UV  detector. 

Column:  Porasil  AX,  2 ft  x 1/8  in. 

Solvent:  100%  CH3CN  programmed  to  607,  H2O  in 

30  minutes  using  solvent  program 
No.  6. 

Flow  rate:  1 ml/min. 

A single  broad  peak  was  observed  at  20.5 
minutes.  Trlnitroresorcinol  and  lead  styphnate  do  not  give  peaks  using 
this  system. 


System  2 

Instrument:  Waters  Associates  301  equipped 

with  235  nm  UV  detector. 

Column:  Porasil  AX,  2 ft  x 1/8  in. 

Solvent:  3%  H2O  in  CH3CN. 

Flow  rate:  1 ml/min. 

Trlnitroresorcinol  and  lead  styphnate  elute 
at  2.76  minutes.  The  sample  showed  peaks  at  1.18,  3.15,  6.69  and  8.66 
minutes.  The  peaks  at  6.69  and  8.66  minutes  were  ill-defined,  suggesting 
the  presence  of  unresolved  components. 

(2)  Gas  chromatography:  The  concentrated  sample  super- 

natant and  precipitate  were  studied  by  gas  chromatography  as  described  below. 
The  supernatant  was  Injected  "as  is".  A chloroform  extract  of  the  precipitate 
was  injected. 
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Instrument:  Bendix  2500  equipped  with  flnme 

ionization  detector. 

Column:  Class,  6 ft  x 1/4  in. 

(a)  37.  OV  1 on  (ias  Chroni 

(b)  5%  OV-17  on  Anakrom  AliS 

Flow  rate:  50  cc  N2/mln. 

Column  temperature:  fa)  .Start  at  I00"(,  and 

heat  at  5“/min.  to  250‘'C. 

(b)  Isothermal  at  130°C. 
Injection  port:  (a)  200°C. 

(b)  130-C. 

Detector  temperature:  200“C. 

No  peaks  were  observed  using  column  (a)  or 
(b),  column  temperature  (a)  or  (b) , or  injection  temperature  (a)  or  (b). 

Using  the  (b)  conditions,  reference  PETN  had  a retention  time  of  5.7  minutes. 

/3)  Thin- layer  chromatography:  The  sample  was  studied 

in  two  thin-layer  chromatography  systems. 

System  1 (for  TNR  and  lead  styphnate) 

Plate:  Brinkmann  Silica  Gel  F-254 

Solvent  system:  Acetone  saturated  with 

ammonium  acetate. 

Material  spotted:  5 pg  lead  styphnate 

5 pg  trinitroresorcinol 
20  pi  of  sample  having  a 
dissolved  solids  content 
of  153  mg/ml  (i.e.,  3,060  pg 
of  waste  solids). 

Detection:  (a)  visual 

(b)  UV-254  nm 

(c)  Spray  with  27,  dipheny lamine 
in  957,  ethanol  followed  by 
UV  irradiation. 

Lead  styphnate  has  an  Rf  of  0.42  and  a detec- 
tion limit  of  0.5  pg.  Trinitroresorcinol  has  an  Rf  of  0.42  and  a detection 
limit  of  0.5  pg.  The  sample  showed  one  spot  at  R£  0.125. 


System  2 (for  PETN) 


The  precipitate  (33  mg)  was  extracted  twice  with 
5 ml  chloroform  using  sonication.  The  chloroform  was  concentrated  and  used 
for  spotting  in  the  following  TLC  system: 
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Plate;  Brinkmann  Silica  (Jel  K-254 
Solvent  system:  Cyclohexane/acetone  (1:1) 

Material  spotted:  5,  1,  O.S  pg,  chloroform 

extract  of  250  m>>  of 
sample  precipitate. 

Detection;  (a)  OV-25A  nm 

(b)  Spray  with  TU  dipheny lamine 
dissolved  in  95%  ethanol, 
radiate  with  UV  light. 

UV  light  indicated  no  spots.  Di pheny lamine 
spray  indicated  the  presence  of  PETN  at  Rj  0.59  in  the  reference.  PETN 
can  be  detected  at  the  0.5  pg  level.  The  sample  showed  no  spots. 

g.  Spectral  characterization:  The  sample  was  studied 

by  infrared,  ultraviolet  and  visible  spectroscopy. 

(1)  Infrared  spectrum:  A vacuum  dried  sample  of 

the  supernatant  showed  (KBr  wafer)  broad,  ill-defined  bands  at  3300,  1620 
and  1075  cm 

(2)  Ultraviolet  spectrum:  The  supernatant  showed 

no  peaks  in  the  range  230  to  400  nm.  With  a 10-fold  dilution  the  sample 
Indicated  an  absorbance  of  0.55  at  230  nm. 

(3)  Visible  spectrum:  The  supernatant  showed  no 

peaks  in  the  range  400  to  800  nm.  An  undiluted  sample  had  an  absorbance 
of  0.12  at  400  nm. 

5.  Acute  Toxicity 

Animal  tests  were  performed  on  the  neutralized,  concentrated 
primer  mixture  FA  956  wastewater,  prepared  as  described  above.  This  material 
contained  153  mg  solids/ml. 

a.  Skin  and  eye  irritation:  The  primary  skin  and  eye 

irritations  were  determined  by  the  Dralze  procedure^^  using  six  New  Zealand 

white  rabbits.  Primer  mixture  FA  956  wastewater  was  nonirritating  in  the 
eye  test  and  scored  0.00  in  the  skin  test.  It  is  less  irritating  than 
the  desensitized  primer  itself. 

b.  Oral  toxicity:  Primer  mixture  FA  956  wastewater  given 

orally  at  5 g/kg  killed  none  of  three  male  albino  mice  (Charles  River  CD-I 
strain)  and  none  of  three  male  and  six  female  albino  rats  (Charles  River 
CD  strain).  Presumably  the  antimony  and  lead  are  sufficiently  diluted  to 
be  nontoxic  in  these  acute  tests.  However,  these  metals  are  notoriously 
toxic  in  repeated  doses  because  of  their  accumulation  in  the  body. 
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6. 


Conclusions 


The  sample  as  received  was  basic  (pH  12.3)  and  contained  the 
equivalent  of  3.1  mg  NaOH/ml . t’he  sample  supernatant  as  received  contained 
0.087„  aluminum  and  0.177.  sodium.  The  precipitate  contained  517,  aluminum, 

1 . fiT.  barium,  0.57.  antimony,  4.47.  lead  and  1.97.  sodium.  The  sulfate  content 
wa.H  0.28  mg/ml.  Tlie  initial  total  reducible  NO2  content  of  the  supernatant 
was  0.10  mg/ml.  I'lie  inorganic  nitrate  content  was  0.0044  mg/ml  and  the 
nitrite  content  was  0.02  mg/ml.  Thus,  the  covalently  bound  NO2  content  Is 
slightly  higher  than  the  Inorganic  NO3  plus  NO2  content.  High  pressure 
liquid  chromatography  (HPLC)  was  particularly  useful  for  monitoring  non- 
volatile ultraviolet  absorbing  compounds.  No  trinitroresorcinol  (less  than 
0.017.)  was  observed  in  the  waste  sample.  There  are  at  least  five  uncharac- 
terized ultraviolet  absorbing  components  present  by  HPLC.  Thin-layer  chroma 
tography  (TLC)  also  indicated  the  absence  of  trinitroresorcinol,  but  did 
not  show  as  many  minor  components  as  seen  by  HPLC.  TLC  did  not  Indicate  the 
presence  of  pentaerythritol  tetranitrate  in  the  precipitate  at  the  0.027. 
concentration  level.  Gas  chromatography  on  OV-1  and  OV-17  columns  did  not 
indicate  the  presence  of  any  volatile  components.  PETN  would  have  been 
readily  detectable  in  the  precipitate  at  a concentration  of  < 0.017.. 

The  concentrated,  neutralized  sample  was  nonlrrltatlng  to  rabbits 
and  nontoxic  to  rats  and  mice  after  oral  administration. 

7 . Recommendations 

Because  of  the  lack  of  Irritancy  and  toxicity,  no  further  toxico- 
logical research  is  warranted.  Antimony  and  lead  content  should  be  kept 
within  accepted  standards  for  Industrial  effluents.  Samples  should  be 
taken  periodically  and  characterized  by  high  pressure  liquid  chromatography 
(for  organic  constituents)  and  by  elemental  analysis  (for  antimony  and  lead) 
to  insure  no  significant  variations  in  composition. 
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I .  Wastewater  from  Lead  Styphnatie  Production 


1.  Introduction 


a.  Sample  orlRln;  The  sample  Is  wastewater  produced  ilurlnj; 
the  manufacture  of  lead  styphnate  at  Lake  City  Army  Ammunition  Plant,  Uuild- 
InR  85.  The  material  was  sampled  and  shipped  by  the  Army. 

b.  Chemical  and  toxicoloKical  literature;  See  Section  li  on 

Lead  Styphnate. 

2 . Production  Methods 

The  production  methods  and  wastewaters  generation  procedures  have 
been  summarized  by  Small  and  Rosenblatt^./  and  are  given  below: 

Two  "master  solutions"  are  prepared  for  lead  styphnate  synthesis, 
the  first  720-llter  solution  of  130  Ib  TNR  and  21  lb  magnesium  oxide,  the 
other  a 150*llter  solution  containing  100  lb  of  lead  nitrate.  Seventy  liters 
of  the  first  solution  are  mixed  with  26  liters  of  the  second,  whereupon  load 
styphnate  precipitates.  The  spent  solution  with  product  is  drained  through 
50  mesh  screen  on  which  the  product  is  collected.  The  spent  solution  is 
neutralized  (the  solution  becomes  acid  as  the  reaction  progresses)  with  so- 
dium carbonate.  The  lead  styphnate  is  washed  several  times,  the  washwater 
from  each  wash  being  removed  by  vacuum.  These  washwaters  and  spent  solution 
are  routed  to  storage  tanks.  Once  daily,  sodium  hydroxide  and  aluminum  pow- 
der are  added  to  these  tanks,  and  the  contents  steam  boiled.  The  contents 
of  the  tanks  are  then  discharged  to  a series  of  evaporation  lagoons,  differ- 
ent lagoons  from  the  ones  used  for  TNR  disposal. 

About  19  lb  of  lead  styphnate  are  produced  per  batch  which  indi- 
cates a 79’/.  yield.  The  remaining  217.  of  yield  or  about  5 lb  of  lead  styphnate 
is  lost  per  batch. 

3.  Sample  Concentration  for  Acute  Toxicity  Studies 

a.  Sample  description:  The  solution  was  greenish-black  and 

did  not  contain  a precipitate.  The  sample  was  used  as  received  for  sampling 
purposes.  The  pH  was  11.7. 

b.  Concentration:  The  approximate  concentration  of  dissolved 

solids/ml  was  determined  prior  to  concentration.  A 10-ml  aliquot  was  reduced 
to  dryness  under  20  mm  Hg  at  50*  to  60*C.  As  received,  the  concentration  of 
dissolved  solids  was  20  mg/ml. 
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The  concenCraL ion  of  iH  ssolvcH  solids  was  now  adjusted  by 
solvent  removal  under  20  irm  Hr  at  ‘)0"lo  bO“C.  Aft<>r  concentration,  the  ()ll 
was  adjusted  to  7. A uslnR  acetic  acid.  On  addition  of  acetic  acid,  I lie 
solution  bccami-  very  turbid.  The  final  concentration  of  dissolved  plus 
suspended  solids  was  154  mR/ml.  The  concentration  factor  was  7.7. 

c.  Distillate  examination;  The  distillate  resulting  from 
sample  concentration  was  studied  by  gas  chromatogra[>hy,  thin-layer  chroma- 
tography, and  ultraviolet  spectroscopy  for  'ho  presence  of  componiints  other 
than  water.  The  techniques  used  arc  described  under  Section  4,  Chemical 
Assays.  No  other  components  were  detected  in  the  distillate. 

4.  Chemical  Assays  and  "Fingerprinting" 

a.  Alkalinity:  The  sample  as  received  required  0.11  meq 

HCl/ml  of  sample  to  neutralize  it.  This  alkalinity  corresponds  to  4.4  mg 
NaOH/ml. 


b.  Metal  content:  The  sample  as  received  contained  the  fol- 

lowing concentrations  of  metals. 


Metal 

°U  in  Homogenous  Aliauot 

Aluminum 

0.090 

Antimony 

0.0005 

Harlum 

0.0002 

Calcium 

0.0010 

Lead 

0.0075 

Magnesium 

0.0001 

Sodium 

0.440 

c.  Reducible  N02  content:  The  solutions  were  assayed  as 

received.  The  concentration  of  reducible  NO2  groups  v>as  determined  by  the 
method  of  Sellg.2/  This  procedure  will  determine  the  presence  of  aliphatic 
nitrates,  aliphatic  nitrites,  aromatic  nltro  group  and  inorganic  nitrite 
and  nitrate  ions.  Although  a number  of  functionalities  are  detected  simul- 
taneously, the  results  are  expressed  In  terms  of  mg  NO2  for  comparison 
purnoses.  The  nonspeclf Iclty  of  the  assay  can  be  considered  an  advantage 
since  when  combined  with  the  inorganic  NO2  and  NO3  assays,  the  cova.  :i  tly 
bound  NO2  content  can  be  estimated. 

The  reducible  NO2  content  of  the  homogenous  solution  assayed 
on  21  May  1975  was  3.0  mg  N02/ml.  Thirty-four  days  later  the  assay  indi- 
cated 3.5  mg  N02/ml. 
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il.  SulfgU*  cont(.‘nt. ; The-  concontr.iL  ion  ol  Ionic  ;;ulfnLc  wn:, 
(lotormincd  by  an  auf omaLcd  me thy I thymol  blue  method  used  by  the  Environmental 
Protection  Agency.it^  The  sulfate  content  of  the  supernatant  as  received  was 
0.44  mg  SO^/ml  of  sample. 

e.  Inorganic  nitrate  and  nitrite  content;  The  inorganic  ni- 
trate and  nitrite  contents  were  determined  by  the  cadmium  reduction  method  de 
scribed  by  the  Environmental  Protection  Agency. The  nitrate  content  of 

the  supernatant  as  received  was  2.69  mg/ml.  The  nitrite  content  of  the  su- 
pernatant as  received  was  0.222  mg/ml. 

f.  Chromatographic  characterization;  The  sample  was  studied 
by  gas,  liquid  and  thin-layer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography;  The  sample  supernatant  was 
studied  using  the  following  conditions: 

System  1 

Instrument;  Waters  Associates  301  equipped 
with  254  nm  UV  detector. 

Column;  Porasil  AX,  2 ft  x 1/8  in. 

Solvent;  100%  CH^CN  progranmed  to  60%  H2O 

in  30  min  using  solvent  program  No.  6 

Flow  rate:  1 ml /min. 

Peaks  were  observed  at  3.1  and  3.5  min.  Tri- 
nitroresorclnol  and  lead  styphnate  do  not  give  peaks  using  this  system. 

System  2 

Instrument;  Waters  Associates  301  equipped 
with  235  nm  UV  detector. 

Column;  Porasil  AX,  2 ft  x 1/8  in. 

Solvent!  3%  H2O  in  CH^CN. 

Flow  rate:  1 ml /min. 

Trinltroresorcinol  and  lead  styphnate  elute 
at  2.76  min.  The  sample  showed  peaks  at  3.15,  5.12  and  9.06  min. 

(2)  Gas  chromatography;  The  sample  was  studied  by  gas 
chromatography  as  described  below: 
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Instrument!  Bendix  2500  equipped  with  flame 
ionization  detector. 

Column:  Class,  6 ft  x 1/8  in.,  37.  OV-1  on 

Cas  Chrom  Q. 

Flow  rate:  30  cc  N2/min. 

Column  temperature:  Start  at  lOO’C  and  heat  at 

5'C/min  to  250° C. 

Injection  port:  200°C. 

Detector  temperature:  200°C. 


No  peaks  were  observed. 


(3)  Thin- layer  chromatography;  The  sample  was  studied 
by  thin- layer  chromatography  as  described  below: 

Plate:  Brlnkmann  Silica  Gel  F-254. 

Solvent  system:  Acetone  saturated  with  ammonium 

acetate. 

Material  spotted:  5 ixg  lead  styphnate. 

5 ng  trinitroresorcinol . 

20  pi  of  sample  having  a dissolved 
solids  content  of  54  mg/ml. 

Detection:  Visual. 

UV  - 254  nm. 

Spray  with  2%  diphenylamine  in  957.  ethanol 
followed  by  UV  irradiation. 


Lead  styphnate  has  an  of  0.42  and  detection  limit 
of  0.5  pg.  Trinitroresorcinol  has  an  of  0.42  and  a detection  limit  of  0.5 
pg.  The  sample  showed  one  spot  of  R^  0.13. 

g.  Spectral  characterization:  The  sample  was  studied  by  in- 
frared, ultraviolet  and  visible  spectroscopy. 


(1)  Infrared  spectrum:  Reducing  an  aliquot  to  dryness 

gave  a residue  whose  IR  spectrum  in  KBr  showed  absorptions  at  3300  (Broad,  s) , 
1660  (s),  1470  (Broad,  s) , 1410  (Broad,  s) , 1280  (s),  1160  (s) , 870  (m) , 840 
(w),  740  (s),  and  640  (m)  cm"^.  The  C-NO2  group  normally  has  bands  near  1560 
and  1350  cm"  Lead  styphnate  in  KBr  shows  bands  at  3570  (m),  1590  (s), 

1490  (m),  1410  (ra),  1315  (s),  1230  (s),  1100  (m),  790  (m),  and  740  (w)  cm*!. 


(2)  Ultraviolet  spectrum:  A 1,000-fold  dilution  of  the 

sample  showed  a maximum  at  309  nm  (absorbance  0.38). 

(3)  Visible  spectrum:  No  peaks  were  observed  in  the 

region  400  to  800  nm.  With  a 10-fold  dilution  the  absorbance  at  400  nm  was  0.05. 
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Acult*  Toxicity 


Aiifiiuil  losls  wore  iK’rforrru'd  on  Lhc  noul. r.j  1 J zed  conc<‘nl  r.i(  od  lo.ul 
styphn.iLo  wasLrw.iicr  prepared  as  described  above.  This  material  contained 
15A  mg  sol ids/mJ . 


a-  Skin  and  eye  irritation;  The  primary  skin  and  eye  irri- 
tations were  determined  by  the  Dralze  procedure  ^^sing  six  New  Zealand  white 
rabbits.  Lead  styphnate  wastewater  was  negative  on  the  eye  irritation  test 
and  scored  0.12  on  the  skin  irritation  test,  less  than  the  0.20  required  for 
a rating  of  "mild  irritant."  Therefore,  the  wastewater  is  nonirritating. 

b.  Oral  toxicity;  Lead  styphnate  wastewater  given  orally  at 
S sol Ids/kg  body  weight  killed  none  of  three  male  albino  mice  (Charles  Kiver  C(i-I 
strain)  and  none  of  three  male  and  six  female  albino  rats  (Charles  Kiver  fll)  •araln). 


6.  Conclusions 


The  sample  as  received  was  basic  (pll  11.7)  and  contained  the  equiva- 
lent of  4. A mg  NaOH/ml.  As  received,  a homogenous  sample  contained  0.907o  alu- 
minum, 0.0075%  lead  and  0.447,  sodium.  The  initial  total  reducible  NO2  content 
was  13  mg  N02/ml.  After  34  days  storage  at  28°C,  the  reducible  NO2  content 
was  3.5  N02/ml.  When  assayed  at  the  same  time  as  the  second  assay  for  total 
reducible  NO2  content,  the  inorganic  nitrate  content  was  2.7  mg/ml  and  the 
nitrite  content  was  0.22  mg/ml.  High  pressure  liquid  chromatography  (HPLC) 
was  useful  for  monitoring  nonvolatile  ultraviolet  absorbing  compounds.  No 
trinltroresorcinol  or  lead  styphnate  (<  0.01%)  was  observed  in  the  sample. 
There  are  at  least  three  uncharacterized  ultraviolet  absorbing  components 
present  by  IIPLC.  Thin- layer  chromatography  also  indicated  the  absence  of 
trinltroresorcinol,  but  did  not  show  as  many  minor  components  as  seen  by 
IIPLC.  Gas  chronuitography  on  an  OV-1  column  did  not  indicate  the  presence 
of  .iny  volatile  components. 

The  neutralized  concentrated  lead  styphnate  wastewater  was  tionirri- 
tating  to  rabbits  and  nontoxic  to  rats  and  mice  after  oral  administration. 

7 . Recommendations 


Because  of  the  lack  of  Irritancy  and  toxicity,  no  further  toxico- 
logical research  is  warranted.  Lead  content  should  be  kept  within  recognized 
limits  for  Industrial  effluents.  Samples  should  be  taken  periodically  and 
characterized  by  high  pressure  liquid  chromatography  (for  organic  constituents) 
and  by  elemental  analysis  (for  lead)  to  Insure  no  significant  variations  in  com- 
position. 
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.1. 


'I'r  til  It  rort'Horc-  liiol  Wastewater  fjj'i'i  Aritiy  ^mniiin  1 1 i on  I'lanl 


I . inlrtxJiict  ion 


a.  Sample  ori>;i  ii : Tlie  sample  is  wastewater  prixluted  duriiiK 

the  manufacture  of  trinitroresorcinol  at  Lake  City  Army  Ammunition  Plant, 
Building  83.  The  material  was  sampled  and  shipped  by  the  Army, 

b.  Chemical  and  toxicological  literature:  See  Section  E 

on  trinitroresorcinol. 

2,  Production  Method 


The  production  methods  and  wastewater  generation  procedures  have 
been  summarized  by  Small  and  Rosenblatt—^  and  are  given  below: 

"To  produce  TNR,  a 30  lb  batch  of  resorcinol  is  first  mixed 
with  240  lb  of  987„  sulfuric  acid.  Then  72  lb  of  957o  nitric 
acid  is  added  to  the  resulting  mixture  of  resorcinol-4, 6- 
disulfonate  in  sulfuric  acid.  The  crude  TN?  is  removed  from 
the  spent  acid  and  pooled  with  two  other  TNR  batches.  Tlie 
batches  are  washed  with  about  100  gal.  of  1 N nitric  acid 
to  remove  traces  of  sulfate  and  filtered.  Tlie  acids  from 
these  processes  are  collected  in  a sump  and  treated  with 
sodium  carbonate  solution.  Once  a week,  the  collected 
TNR  sludge  is  treated  with  a mixture  of  30  lb  sodium 
hydroxide  and  20  lb  powdered  aluminum.  The  resultant  de- 
graded sludge  is  a black,  possibly  polymeric  material. 

The  neutralized  acids  and  the  treated  sludge  are  routed 
to  a series  of  wastewater  evaporation  lagoons." 

I.ake  City  AAP  personnel  indicate  that  about  60  lb  TNR  is  produced 
per  30  lb  of  resorcinol  charge.  This  is  about  a 907,  yield;  smaller  scale 
TNR  production  (a  slightly  different  process)  at  Frankford  Arsenal,  Philadelphia, 
Pennsylvania  has  resulted  in  a 767,  yield.  Their  product  has  been  analy/.eil 
and  found  to  be  93.57,  TNR.  The  Identified  impurities  include  a 1:1  TNR- 
dlnitroresorcinol  addition  product  (0.87,),  dlni  troresorcinol  (17,),  6-nitroso- 
2-resorclnol  (17.),  2-nitroresorcinol  (0.57.)  and  mesoxalic  acid  (HON^CfctKdi)^)  • 

On  the  basis  of  907.  conversion  at  LCAAP,  about  6 lb  of  TNR  is  lost  per  batcli 
produced.  With  a solubility  of  the  order  of  7 g/liter,  some  of  this  TNR 
could  be  washed  out  with  the  1 N nitric  acid  washes  and  be  discharged  to  the 
evaporation  pond  as  the  sodium  salt  of  TNR. 
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3.  Sample  Concentration  lor  Acute  Toxicity  Studies 


r 


a.  Sample  description:  The  solution  as  received  was  light 
brown  and  contained  numerous  large  (about  1 In.)  colorless  monoclinic  cry- 
stals. These  crystals  are  character ized  as  sodium  sulfate  decahydrate. 

Only  the  supernatant  was  used  for  toxicology  sample  preparation.  The  pH  was 
11.4. 


b.  Concentration:  The  approximate  concentration  of  dissolved 

solids/ml  was  determined  prior  to  concentration.  A 10-ml  aliquot  was  reduced 
to  dryness  under  20  mm  Hg  vacuum  at  50“  to  60“C.  As  received,  the  concen- 
tration of  dissolved  solids  was  approximately  180  mg/ml. 

This  concentration  of  dissolved  solids  is  useful  without 
further  concentration.  The  pH  was  adjusted  to  7.3  by  addition  of  acetic 
acid.  The  solution  becomes  very  turbid  and  dark  brown  on  addition  of  acetic 
acid.  The  final  concentration  of  dissolved  plus  suspended  solids  was  180  mg/ml. 

4.  Chemical  Assays  and  "Fingerprinting" 

a.  Alkalinity;  The  sample  supernatant  as  received  required 
0.30  meq  of  HCl/ml  of  sample  for  neutralization.  This  alkalinity  corresponds 
to  12  mg  NaOH/ml. 


b.  Metal  content:  The  sample  as  received  contained  the 

following  concentrations  of  metals. 


Metal 


7.  in  Supernatant 


7.  in  Precipitate- 


a/ 


Aluminum  0. 
Antimony  < 0. 
Barium  < 0. 
Calcium  0. 
Lead  0. 
Magnesium  < 0. 
Sodium  7. 


20 

0.052 

0005 

0.0090 

0002 

< 0.0035 

0010 

< 0.035 

0005 

< 0.0090 

0001 

< 0.0001 

12 

26.2 

£/  The  sample  was  air  dried  at  27°  for  24  hours.  A white  powder  resulted 
which  by  sodium  assay  was  Na2S04.2H20. 
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When  a crystal  was  water  washed  and  dried  at  100"  for  24  hours 
under  U.l  mm  vacuum  the  sodium  content  was  '327..  Tills  sodium  content  cor- 
responds to  tliat  ot  sodium  sullate.  The  weight  loss  on  drying  data  indicated 
the  crystal  was  sodium  sulfate  decahydrate.  The  infrared  spectrum  of  the 
dried  material  was  identical  to  that  of  sodium  sulfate. 

c.  Reducible  NOo  content:  The  concentration  of  reducible 

fi  3 / 

NO2  groups  was  determined  by  the  method  of  Seiig.— ' This  procedure  deter- 
mines the  presence  of  aliphatic  nitrates  and  nitrites,  aromatic  nitroso  and 
nltro  groups,  and  inorganic  nitrite  and  nitrate  ions.  Although  a number  of 
functionalities  are  detected  simultaneously,  the  results  are  expressed  in 
terms  of  mg  NO2  for  comparison  purposes.  The  nonspecificity  of  the  assay 
can  be  considered  an  advantage  since,  when  combined  with  the  inorganic  NO2 
and  NO3  assays,  the  covalently  bound  NO2  content  can  be  estimated. 

The  reducible  NO2  content  of  the  supernatant  when  assayed  on 
21  May  1975  and  again  36  days  later  was  14  mg  N02/ml.  The  reducible  NO2 
content  of  the  precipitate  when  assayed  on  28  May  1975  and  again  34  days 
later,  was  0.00  mg  N02/g  of  precipitate. 

d.  Sulfate  content;  The  concentration  of  ionic  sulfate  was 
determined  by  an  automated  methylthymol  blue  method  described  by  the  Environ- 
mental Protection  Agency.—^  The  sulfate  content  of  the  supernatant  was  125  mg 
SO^/ml  of  sample.  The  sulfate  content  of  the  precipitate  without  drying 

was  28.4  ± 0.47..  This  value  is  slightly  lower  than  the  29.87.  theoretical 
value  for  Na2S04. IOH2O.  The  discrepancy  Is  probably  due  to  occluded  water. 

e.  Inorganic  nitrate  and  nitrite  content:  The  inorganic 

nitrate  and  nitrite  contents  were  determined  by  the  cadmium  reduction  method 
described  by  the  Environmental  Protection  Agency.—^  The  nitrate  content  of 
the  supernatant  as  received  was  19.2  mg/ml.  The  nitrite  content  of  the 
supernatant  as  received  was  0.89  mg/ml. 

f.  Chromatographic  characterization:  The  sample  was  studied 

by  gas,  liquid  and  thin-layer  chromatography.  The  primary  purpose  of  this 
work  was  to  provide  chromatographic  "fingerprints"  of  the  sample. 

(1)  Liquid  chromatography;  The  sample  supernatant  was 
studied  as  described  below: 

System  1 

Instrument:  Waters  Associates  301  equipped  with 

254  nm  UV  detector. 
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Column:  Porasil  AX,  2 ft  x 1/3  in. 

Solvent:  1007.  CH3CN  programmed  to  607.  H2O  in 

30  minutes  using  linear  solvent  pro- 
gram No.  6. 

Plow  rate:  1 ml /min. 

Peaks  were  observed  at  3.1,  3.5  and  4.3  minutes. 
Ill-defined  peaks  were  observed  at  9.5  to  12.6  minutes  and  13.8  to  19.7  min- 
utes. Trinitroresorcinol  does  not  give  a peak  using  this  system. 

System  2 

Instrument;  Waters  Associates  301  equipped  with 
235  nm  Schoeffel  UV  detector. 

Column:  Porasil  AX,  2 ft  x 1/8  in. 

Solvent:  37.  H2O  In  CH3CN. 

Flow  rate:  1 ml/min. 

Trinitroresorcinol  elutes  at  2.76  minutes.  The 
sample  showed  peaks  at  3.15,  8.26  and  10.6  minutes. 

(2)  Gas  chromatography;  The  sample  was  studied  by  gas 
chromatography  as  described  below: 

Instrument:  Bendix  2500  equipped  with  flame  ioni- 

zation detector. 

Column:  Glass  6 ft  x 1/8  in.,  37.  OV-1  on  Gas  Chrom 

Q. 

Flow  rate:  30  cc 

Column  temperature:  Start  at  100°C  and  heat  at  5'C/ 

min  to  250°C. 

Injection  port;  200°C 
Detector  temperature:  200°C 

No  peaks  were  observed. 

(3)  Thin- layer  chromatography:  The  supernatant  was 

studied  by  thin-layer  chromatography. 

Plate:  Brinkmann  Silica  Gel  F-254. 

Solvent  system;  Acetone  saturated  with  ammonium 
acetate. 

Material  spotted:  5,  2,  1,  0.5  mg  trinitroresorcinol. 

3,600,  360,  36  mg  of  residue  from 
dried  supernatant. 
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Detection:  (a)  Visual 

(b)  UV  (254  nm) 

(c)  Spray  with  2/t  diphenylamine  in  957o 
ethanol  followed  by  UV  irradiation. 

Trinitroresorcinol  has  an  R£  of  0.42  and  a detection 
limit  of  0.5  mg.  The  sample  shows  one  spot  at  R^.  0.13. 

g.  Spectral  characterization:  The  sample  was  studied  by  in- 

frared, ultraviolet  and  visible  spectroscopy. 

(1)  Infrared  spectrum: 

Precipitate : The  spectrum  of  the  vacuum  dried  pre- 

cipitate in  KBr  is  identical  to  that  of  sodium  sulfate.  A single  absorption 
at  1120  cm~^  was  observed. 


Supernatant : The  spectrum  of  the  vacuum  dried  sam- 

ple in  KBr  showed  absorptions  at  3500  (m) , 1660  (m) , 1450  (m) . 1390  (s), 

1280  (w) , 1130  (s),  880  (w) , 840  (w) , 640  (s)  and  620  (s)  cm"  . Trinitro- 
resorcinol showed  bands  at  3200  (m) , 1660  (s) , 1620  (s),  1600  (s) , 1550  (s) , 
1490  (s).  1466  (s),  1380  (s),  1310  (s),  1210  (w) , 1190  (m) , 1085  (s) , 935  (m) , 
920  (m) , 785  (m) , 763  (m) , and  732  (w)  cm"^. 

(2)  Ultraviolet  spectrum:  With  200-fold  dilution,  the 

supernatant  showed  a maximum  at  329  nm  (absorbance  0.55).  Trinitroresorcinol 
in  957.  ethanol  absorbs  at  258  nm  (e  - 8,579),  345  nm  (€  ■ 9,246)  and  398  nm 
(€  - 15,570). 

(3)  Visible  spectrum:  The  supernatant  shewed  no  peaks 
in  the  range  400  to  800  nm,  using  a 100-fold  dilution.  The  absorbance  at 
400  nm  was  0.02. 

5.  Acute  Toxicity 

Animal  tests  were  performed  on  the  neutralised  supernatant  of 
trinitroresorcinol  (TNR)  wastewater,  prepared  as  described  above.  This 
material  had  180  mg  sollds/ml. 

a.  Skin  and  eve  irritation:  The  primary  skin  and  eye  irri- 

tations were  determined  by  the  Dralze  procedure^^  using  six  New  Zealand  white 
rabbits.  TNR  wastewater  gave  negative  results  on  the  eye  Irritation  test 
and  a score  of  0.08  on  the  skin  irritation  test.  This  is  well  below  the 
0.20  score  required  for  a "mild  Irritant"  rating. 
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b.  Oral  toxicity;  TNR  wastewater  given  orally  in  water  at 
5 g solids/kg  body  weight  killed  none  of  three  male  albino  mice  (Charles 
River  CD-I  strain)  and  none  of  three  male  albino  rats  (Charles  River  CD  strain). 
When  given  to  a first  group  of  three  female  rats,  one  died  on  the  first  day. 

Witen  given  to  n secoml  group  of  three  females,  none  died.  SImll/ir  results 
were  observed  with  the  desens it  I zat Ion  blank,  so  the*  death  Is  not  due  to  the 
compound . 


6 . Conclusions 


The  sample  as  received  was  basic  (pH  11.4)  and  contained  the  equiva- 
lent of  12  mg  NaOH/ml  of  sample.  The  sulfate  content  of  the  supernatant  was 
125  mg/ml. 


The  supernatant  contained  0.27.  aluminum  and  7.17,  sodium.  The 
precipitate  contained  varying  amounts  of  sodium  depending  on  the  precipitate 
drying  time  and  temperature.  The  crystalline  precipitate  was  identified  as 
sodium  sulfate  decahydrate.  The  initial  total  reducible  NO2  content  of  the 
supernatant  was  14  mg  N02/ml.  The  inorganic  nitrate  content  was  19  mg/ml 
and  the  nitrite  content  was  0.9  mg/ml.  Thus,  the  covalently  bound  NO2  con- 
tent was  low  relative  to  the  inorganic  NO3  plus  NO2  content.  High  pressure 
liquid  chromatography  (HPLC)  was  particularly  useful  for  monitoring  non- 
volatile ultraviolet  absorbing  compounds.  No  trinitroresorcinol  (less  than 
0.01%)  was  observed  in  the  waste  sample.  There  are  at  least  five  identified 
ultraviolet  absorbing  components  present  by  HPLC.  Thin-layer  chromatography 
also  indicated  the  absence  of  trinitroresorcinol,  but  did  not  show  as  many 
minor  components  as  seen  by  HPLC.  Gas  chromatography  on  an  OV-1  column  did 
not  indicate  the  presence  of  any  volatile  components. 

The  neutralized  supernatant  was  nonirritating  and  nontoxic  in  the 
animal  tests  performed. 

7 . Recommendations 


Because  of  the  lack  of  irritancy  and  toxicity,  no  further  toxicolo- 
gical research  is  warranted.  Samples  should  be  taken  periodically  and  chara- 
terized  by  high  pressure  liquid  chromatography  to  insure  no  significant  vari- 
ations in  composition. 
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Ill . RECOMMENDATIONS 


A . Introd action 

The  ultimate  objective  of  this  research  is  to  determine  the  ef- 
fects of  munitions  wastewaters  on  mammalian  life  to  provide  a basis  for  the 
development  of  environmental  criteria.  The  results  of  these  toxicity  studies 
arc  summarized  In  Tables  5 and  6.  Only  desensitized  tetrazene,  Its  waste- 
water and  desensitized  primer  FA  956  shows  significant  toxicity.  The  toxi- 
city of  primer  mixture  FA  956  Is  probably  due  to  its  antimony  and  lead 
content.  Antimony  Is  well-known  as  an  arsenlc-llke  toxic  metal.  It  Is 
used  as  an  antlparasltlc  agent  In  compounds  such  as  tartar  emetic  (antimony 
potassium  tartrate)  and  stlbophen.  Lead  Is  very  well  known  as  an  accumula- 
ting poison.  These  metals  can  be  readily  precipitated.  The  supernatant 
should  be  monitored  to  Insure  that  release  of  the  metals  is  within  accepted 
industrial  practice.  The  precipitate  should  be  reclaimed  or  appropriately 
disposed  of. 

Desensitized  pure  tetrazene  and  tetrazene  wastewaters  require  more 
work.  The  toxicity  of  desensitized  pure  tetrazene  Is  of  less  Importance. 
However,  components  found  In  the  wastewaters  were  mucli  more  toxic. 

B . Tasks 

j The  following  tasks.  In  order  of  priority,  are  recommended  to 

■ follow  up  this  study: 

1.  Continue  the  study  of  the  toxic  components  of  tetrazene  waste- 

' water  to  ascertain: 

I a.  Better  fractionation  procedures. 

b.  Their  identity. 

I 

I 

c.  Their  source,  whether  by-products  of  the  synthesis  or 
products  formed  later  during  the  desensltlzatlon  and  disposal  processes. 

d.  A practical  synthesis.  The  two  toxic  components  totalled 
1.2  mg  solids/ml  wastewater.  Extraction  of  kilogram  quantities  of  these 
materials  required  for  chronic  toxicity  testing  is  not  practical. 

2.  Develop  a practical  method  of  cleanlng-up  tetrazene  waste- 
water.  This  will  include  checking  the  toxicity  of  the  products  formed. 
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TABLE  5 


PRIMARY  SKIN  AND  EYE  IRRITATION  IN  NEW  ZEALAND  WHITE  RABBITS^/  TREATED  WITH 
DESENSITIZED  PRIMER  COMPOUNDS  OR  EXTRACTS  OF  PRIMER  WASTEWATERS 


Compound 

Irritation  Scores 

Number 

Name 

Skin^:^ 

1 

Desensitized  Pure  Tetrazene 

0.25 

negative 

2 

Desensitized  Pure  Lead  Styphnate 

0.16 

negative 

3 

Desensitized  Primer  Mixture  FA  956 

0.16 

negative 

U 

Desensitized  Pure  PETN 

0.00 

negative 

5 

Desensitized  Pure  Trlnitro- 

resorclnol  (TNR) 

0.00 

negative 

6 

Desensltlzatlon  Blank 

0.08 

negative 

7 

Tetrazene  Wastewater 

0.00 

negative 

8 

Primer  Mixture  FA  956  Wastewater 

0.00 

negative 

9 

Lead  Styphnate  Wastewater 

0. 12 

negative 

10 

TNR  Wastewater 

0.08 

negative 

a/  Six  rabbits  per  compound. 

b/  > 0,2,  mild;  > 2.5,  moderate;  > 5.0,  severe. 
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Not  determined 


3.  Carry  out  appropriate  long-term  toxicity  studies  on: 


a.  Compounds  released  into  the  environment  after  treatment 
of  tetrazene  wastewater. 

b.  Compounds  to  which  workers  are  exposed. 

4.  Test  a number  of  samples  of  all  the  wastewaters  for  variations 
in  toxicity.  This  is  necessary  because  two  lots  of  tetrazene  wastewater 
differ  greatly  in  chemical  characteristics  and  toxicity.  High  pressure 
liquid  chromatography  (HPLC)  provides  a quick,  convenient  method  for  testing. 
If  the  HPLC  shows  significant  variation  in  chemical  composition,  the  waste- 
waters  should  be  checked  for  variations  in  acute  toxicity. 


C . Time  Requirements 

We  estimate  that  Task  1 will  require  4 to  6 months,  if  suitable 
synthetic  methods  (Sub-task  c)  are  available.  Task  2 can  be  carried  out 
concurrently  and  would  also  require  4 to  6 months.  It  may  be  extended  by 
longer  stability  tests  of  the  treated  wastewaters. 

After  sufficient  quantities  of  the  substances  to  be  tested  are  at 
hand.  Task  3 will  require  3 years.  If  only  subchronic  studies  are  performed, 
1 year  will  suffice. 

The  time  required  by  Task  4 will  depend  on  the  sampling  scheme, 
which  should  include  all  phases  of  production.  Sampling  intermittently 
for  a period  of  6 months  should  be  adequate  if  there  are  no  major  variations. 
The  study  can  be  completed  2 months  after  receipt  of  the  last  sample. 
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